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III. A COMPARISON OF THE COMPOSITAE OF CHINA 
WITH THOSE OF NEIGHBORING COUNTRIES 


The nature of the Compositae in the flora of China can be understood 
better and its significance more fully realized by a comparison of its com- 
ponents with those of its neighboring countries, namely, Korea, Japan, 
Indo-China, India, Central Asia (Pamir) and Siberia. The numbers of 
species in genera common to those areas are given in TaBLeE III. 


TABLE III. A comparison of the genera of Compositae common to China 
and its neighboring countries 


Inpo- 
TriBes & GENERA CuiInA Korea JAPAN CHINA INDIA PAMIR SIBERIA 
Vernonieae 
Vernonia 34 — if 29 45 — as 
Ethulia 1 — — 1 1 =. — 
Elephantopus 2 —_— — 3 1 — — 
Camchaya 1 — — 1 — = — 
Eupatorieae 
Adenostemma 2 _- 1 1 1 — — 
Ageratum 2 — — 1 1 —- — 
Eupatorium 17 3 13 6 2 — — 
Mikania 3 —_ — 1 1 — — 
Astereae 
Solidago 5 — 7 1 1 — 1 
Dichrocephala 3 _— 1 zy 4 — — 
Cyathocline 1 — 1 Z — — 
Lagenophora 1 — 1 1 = — = 
Grangea y) — —_ 1 1 — — 
Rhynchospermum 1 1 1 1 il — — 
Myriactis 5 — 1 1 3 — — 


* Continued from Volume XXXIX, p. 378. 
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TABLE III. (Continued) 


Inbo- 
Trises & GENERA CuinA Korea JAPAN CuHrINA_ InpIA_ Pamir SIBERIA 
Asteromoea (Kalimeris 
or Boltonia) 10 & 5 1 1 — — 
Heteropappus 5 2 6 —_— — —- — 
Aster S57) 9 8) 1 14 2 9 
Galatella 7 — — — — — 5 
Erigeron 25 1 4 3 i 5 13 
Microglossa 3 — — 1 3 — — 
Conyza 9 — 1 3 8 — — 
Thespis 1 — — — 1 - —_ 
Inuleae 
Blumea 30 — —_ Sil 35) — — 
Blumeopsis 1 —_ —_— 1 _ — _— 
Laggera 2 — — 3 4 — — 
Pluchea 3 =: — 4 7 — -- 
Epaltes (Poilania) 2 — — 1 2 —- — 
Sphaeranthus 3 — — 2 4 — — 
Pterocaulon 1 — — 3 1 “= _— 
Filago (?) — — — 2 — 2 
Leontopodium 57 3 6 1 1 1 2 
Anaphalis Dil 1 5 3 Di — — 
Antennaria yi — 1 — — — 2 
Phagnalon (?) == xs mt 1 4 + 
Gnaphalium 20 4 3 5 7 — 4 
Helichrysum 2 — — — 2 — 1 
Inula 28 3 6 5 20 1 ff 
Vicoa 2 — — 1 3 = ie 
Pulicaria 4 — —- 1 10 == 1 
Carpesium 18 5 10 2 3 — — 
Adenocaulon 2 1 1 == 1 ech Es 
Heliantheae 
Xanthium Z 1 1 1 1 aa 2 
Parthenium 1 —= — 1 — = inaeeed 
Siegesbeckia 4 3 3 i 1 — ee 
Eclipta 1 1 1 1 1 _ — 
Enhydra 1 —- — 1 1 as Pca 
Blainvillea 1 — 1 1 = = 
Wedelia 5 1 1 4 4 = — 
Spilanthes 2 — 1 1 1 — oo 
Synedrella 1 oo 1 1 1 — — 
Glossogyne 1 — 1 3 1 —— — 
Bidens 6 6 9 2 3 — 3 
Cosmos 1 1 a aS. ws 
Galinsoga 1 a= = i 1 << = 
Tridax 1 — — fi et <o 
Helenieae 


Tagetes 2 — =~ 2 
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TABLE III. (Continued) 


InDo- 
Tries & GENERA Curna Korea Japan Curva’ InpiA Pamir SIBERIA 
Anthemideae 
Anthemis 4 ~ — — — — 1 
Achillea 10 4 8 il 1 1 10 
Matricaria 4 2 2 — 2 — 6 
Allardia 2 -= — 5 1 2 
Chrysanthemum 73 10 30 2 4 7 3 
Pyrethrum 5 -- —- — 2 15 
Brachanthemum 5 —— _— — — —_ 2 
Centipeda 1 1 1 1 1 — — 
Crossostephium 1 — 1 1 — — — 
Artemisia 156 37 40 4 Wi} 20 58 
Senecioneae 
Tussilago 1 — oo 1 — 1 
Petasites 9 2 2 — — — 1 
Doronicum 3 — — — 3 — 4 
Nardosmia (?) — _ — — — 4 
Gynura 16 — _— 7 — = 
Emilia 3 — 1 4 5 — — 
Cacalia 60 7 25 oa — — 1 
Arnica 1 —— 4 — — = 1 
Syneilesis 4 2 2 — —_ == = 
Senecio 160 10 13 9 63 3 22 
Ligularia 103 7 10 —- a 1 5 
Farfugium 1 1 3 — — a — 
Cremanthodium 47 — —- 7 -— — 
Cynareae 
Echinops ot —_ 1 — 3 1 7 
Atractylis 8 = 1 — ae re as 
Arctium 2 — 1 as 1 ze, 2 
Cousinia — = Se 5 5 1 
Carduus 11 1 1 — 2 a 3 
Cirsium 9 7 77 3 8 1 13 
Cephalonoplos 3 — 1 — — — —— 
Hemistepta 1 1 1 1 — — — 
Saussurea 270 31 53 3 39 if 25) 
Jurinea == nae ea 3 1 a 
Tricholepis 2 = = 1 10 ie: — 
Serratula 19 a 1 — 1 1 8 
Centaurea Ul = — a 6 1 14 
Carthamus 1 — = a 3 a aad 
Mutisieae 
Pertya 10 = 2 1 Spa = =e 
Leucomeris 1 —— —- 2 2 re a 
Ainsliaea 47 3 10 — 4 a — 
Gerbera 10 = ate aor 5 a 1 
Cichorieae 
Cichorium Ze = a = 1 we 1 
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TABLE III. (Continued) 


INDO- 

Tripes & GENERA Cuina Korea Japan Curna Inpia Pamir SIBERIA 
Lapsana 3 — — —- i} — 1 
Koelpinia 1 — — — 1 1 1 
Hypochoeris 3 1 1 —_— 1 — — 
Tragopogon 10 a = — 3 4 10 
Scorzonera 18 2 2, — 3 1 11 
Picris 8 1 5 1 1 —- 2 
Taraxacum dl 2 37 — 2 ez. 22. 
Chondrilla 3 — - — 2 “= 11 
Sonchus 10 1 2 2 4 —- 5 
Launaea 4 —_ —_— Z 7 —_ 
Lactuca Se) 4 6 9 22 1 7 
Cicerbita i — — — — Z 
Vrenanthes 19 —_— 2 — 6 —- — 
Crepis Sil — 2 6 14 9 14 
Youngia 30 6 6 — — — 
Ixeris 14 6 14 — — — — 
Crepidiastrum 2 2 6 _ — — = 
Hololeion 1 —— 2 — — = — 
Hieracium 14 —- 3 — 5 = 26 


1. CHINA, KorEA AND JAPAN 


The close floristic affinity between Korea, Japan and China is well 
known, and for this reason plant geographers usually group the three coun- 
tries in one phytogeographical province, the Eastern Asiatic Region. The 
Compositae of these countries confirm this relationship. Kitamura, in his 
monographic work Compositae Japonicae, and Hara, in his Enumeratio 
Spermatophytarum Japonicarum, both include Korea as well as Japan. The 
figures given in TaBLe III for these countries are abstracted from these 
publications. It illustrates several interesting features which help us to 
understand the flora of China and eastern Asia. 

(1) As indicated by the number of species in the genera which they have 
in common, China has the more complex Composite flora. China and 
Japan have 69 genera in common and in these there are a total of 1751 
species in China and 514 species in Japan. The species/genus ratio for 
China is 25, and for Japan 7.4. There are 44 genera common to China and 
Korea and in these China has 1473 species and Korea has 203 species. 
The species/genus ratio is 35.9 for China and 4.6 for Korea. It is inter- 
esting to note that the differences of species/genus ratio are due chiefly 
to the large genera like Vernonia, Aster, Leontopodium, Anaphalis, Senecio, 
Ligularia, Echinops, Saussurea, Prenanthes and Crepis. Many small genera 
which may be regarded as adventives to the flora of China have the same, 
or nearly the same, number of species in China, Korea and Japan. Solidago, 
Xanthium, Siegesbeckia, Eclipta, Centipeda, Hemistepta, Hypochoeris and 
Lapsana are only a few examples. 
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(2) Thirty-one of the thirty-seven large genera of Chinese Compositae 
occur also in Japan. Twenty-five of these are also found in Korea. Numer- 
ous species of these large genera are common to all three countries. For 
example, Anaphalis sinica Hance, Artemisia annua Linn., A. borealis Pallas, 
A. campestris Linn., A. japonica Thunb., Aster fastigiatus Fischer, A. in- 
dicus Linn., A. scaber Thunb., Carpesium abrotanoides Linn., Chrysan- 
themum indicum Linn., Cirsium pendulum Fischer, Gnaphalium affine 
D. Don, Lactuca sibirica (Linn.) Benth. are only a few of them. In a 
way, Korea and Japan are merely additional areas to the continuous range 
of the large Chinese genera or of the widespread species. As observed by 
Kitamura, many of these genera extend from China to Japan through 
Korea and, in fact, this is an important route of plant migration between 
China and Japan. 

(3) Geographically Japan is farther from China than is Korea but floris- 
tically there are over one-third more Composite genera which China shares 
with Japan than with Korea. This is probably due to the small size of 
Korea and the corresponding limitations in the climatic and edaphic fac- 
tors that support a more varied vegetation. It is worthy of note that the 
genera which are common to China and Japan but absent from Korea are 
pantropical taxa (Elephantopus, Adenostemma and Emilia), tropical Asiatic 
or African elements (Dichrocephala and Crossostephium), Australian ele- 
ments (Lagenophora), and Sino-Japanese elements with the range extend- 
ing from the eastern Himalayan region to Japan but not reaching Korea 
(Myriactis and Pertya). The last named genera are especially interesting 
because they illustrate some southern routes of plant migration between 
China and Japan. These routes, as illustrated by Pertya, are evidently 
from eastern China, especially through Chekiang or Taiwan to Japan. 

(4) It is interesting to consider the genera of Chinese Compositae that 
are absent from Korea and Japan. Among the large ones there are Blumea, 
Gynura, Cremanthodium, Jurinea, Gerbera and Tragopogon. Among the 
small ones, with the exclusion of the 34 which are Chinese endemics, there 
are still 38 that occur in China but not in Korea or Japan. These are 
(a) pantropical genera (Mzkania, Grangea, Pluchea, Epaltes, Pulicaria), 
(b) tropical Asiatic or African genera (Ethulia, Anisopappus, Sphaeran- 
thus), (c) the Australian genus, Pterocaulon, (d) American genera (Acan- 
thospermum, Tridax, Sanvitalia), and (e) European-African-Central Asi- 
atic genera (Allardia, Centaurea, Cousinia, Filago, Tragopogon). Species 
of groups (a—d) occur only in the tropical and subtropical areas of China 
(Taiwan, Hainan, Kwangtung, and Yunnan) while species of group (e) 
occur chiefly in Sinkiang and Tibet. 

(5) It is interesting to point out the genera of Compositae that are 
represented better in Japan than in China or are absent from China. There 
are five genera which are common to China and Japan, but better repre- 
sented in Japan. These are Solidago, Heteropappus, Bidens, Cirsium, and 
Crepidiastrum. There are 11 genera represented in the flora of Japan but 
absent from China. These are Arnica, Dendrocacalia, Diaspanthus, Hetero- 
kalimeris, Ixyoungia, Macroclinidium, Macropertya, Miricacalia, Paraixeris 
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and Senecillicacalia. Ten out of these 11 genera are segregates from Chi- 
nese groups (Youngia, Ainsliaea, Pertya, Senecio and Cacalia). Arnica 
is an American genus which, together with Solidago, another American 
genus which is better represented in Japan than in China, may be taken 
as an indication that in certain respects the Japanese flora contains more 
North American elements than the flora of China. 


2. CHINA AND INDO-CHINA 


Gagnepain in 1924 in the third volume of Lecomte, Flore générale de 
V’Indo-Chine treated 78 genera and 205 species of Compositae. Sixty-eight 
of these genera (87%) and 67 of these species (34%) are common to 
China and Indo-China (TasLe III). This large percentage of common 
genera and species indicates that there is a close floristic relationship be- 
tween these two countries. A careful analysis of the data presented in 
TaBLe III reveals that this statement is only partially true. First, many 
genera of Compositae important in the natural flora of China are absent 
from Indo-China. For example, 15 of the 38 large genera of Chinese Com- 
positae, such as Cacalia, Ligularia, Taraxacum, Ainsliaea etc., do not occur 
in Indo-China. Secondly, the genera best developed in China, having hun- 
dreds of species there, such as Leontopodium, Anaphalis, Chrysanthemum, 
Saussurea, Artemisia, etc. are represented in Indo-China by only 1-4 
species. In China they occur chiefly in Hainan, Taiwan, Kwangtung and 
some in Fukien and Yunnan. Thus we may conclude that there is a close 
affinity between the Composite flora of the warmer regions of China and 
Indo-China. There is no outstanding geographical barrier between these 
two countries and, as might be expected, they have many species in 
common. 

The genera of Compositae of Indo-China are all small. Of the 69 occur- 
ring in both countries there are 1365 species in China and only 199 species 
in Indo-China. The species/genus ratio for these genera are 19.8 for China 
and 2.88 for Indo-China. If it were not for the two pantropical genera 
Vernonia and Blumea, this ratio would be even lower for Indo-China. 

Indo-China is not suited to Compositae and its contribution to the Com- 
posite flora of China is almost nil. Gagnepain described several new 
genera for Indo-China. Two of these, Blumeopsis and Camchaya, have 
been recorded from Yunnan. As there is a great chance of mistaking a 
localized adventive for an indigenous genus, all of Gagnepain’s Indo-Chi- 
nese genera of Compositae await verification through comparative study 
with material from other parts of the world. 


3. CHINA AND INDIA 


Hooker, in 1881, in the third volume of the Flora of British India (in- 
cluding Pakistan, Bhutan, Nepal and Burma) covered 127 genera and 591 
species of Compositae. Ninety-four of these genera (74%) are common 
to China and India (Taste III). 
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The Composite flora of India is richer than that of Indo-China. There 
are more genera in that country and some genera have as many as 60 
species. Nevertheless, when the Composite flora of India is compared with 
that of China, it reveals that India is better represented at the generic 
level and rather poor in species. This is shown by the species/genus ratios 
of Compositae in the two countries. In China there are 2029 species for 
its 167 genera of Compositae, with an average of 12 species to each genus. 
In India there are only 591 species for its 127 genera, with an average of 
less than 5 species to each genus. The high generic number and the low 
species/genus ratio may be taken as an indication that India is a good 
meeting ground for the genera of Compositae characteristic of many of 
its neighboring countries, and a poor place for the generation of new 
entities in the evolution of the family. In regard to the Composite flora 
of China, there are more genera that migrate from China to India than in 
the opposite direction. 

The high species/genus ratio of the Chinese Compositae is due to the 
occurrence of the 38 “large’’ genera (i.e., with ten or more species) in that 
country. With the exception of Pertya, these genera also occur in India, 
but only in Vernonia and Blumea are there more species in India than in 
China. In the rest of the 35 genera, India has far fewer species. In the 
following genera, for example, the numbers of species in China and India 
are respectively: Aster 137:14, Leontopodium 57:1, Gnaphalium 20:7, 
Artemisia 156:27, Cremanthodium 47:7, Senecio (including Cacalia) 
220:63, Saussurea 279:39, Cirsium 59:8, Ainsliaea 47:4, and the Crepis 
complex 96:14. Moreover, in India, the number of species belonging to 
these genera is largest for the northern provinces, especially the southern 
slopes of the Himalayas, and becomes gradually less toward the central 
and southern provinces. Obviously, in the distribution of these genera, 
India is on the periphery of their range. In these large genera, there are 
many species common to China and India, e.g., Aster altaicus, A. tibeticus, 
Anaphalis cuneifolia, A. triplinervis, Artemisia glauca, A. desertorum and 
Saussurea deltoides. Saussurea is one of India’s largest genera of Com- 
positae. Twenty-nine of its thirty-nine species (almost two-thirds) also 
occur in China. Many of them are recorded only from the Himalayan 
region of India, but are widespread in China. 

There are 15 other genera of the 94 common to the two countries which 
have more species in India than in China. These are: (1) Blumea, 
(2) Cotula, (3) Dichrocephala, (4) Emilia, (5) Laggera, (6) Pluchea, 
(7) Sphaeranthus, (8) Vernonia, (9) Allardia, (10) Carthamus, (11) Cous- 
inia, (12) Launaea, (13) Pulicaria, (14) Cyathocline, and (15) Tricho- 
lepis. Genera 1-8 are pantropical elements, occurring in Africa, Asia, 
America and Australia. In the course of their migration, they may have 
reached China by way of India or Burma, or they may have been intro- 
duced from other tropical regions to tropical China independently. Genera 
9-13 are central Asiatic or Mediterranean entities. There are many pos- 
sible routes for their migration to China. Again, India, because of her 
more numerous chances for communication with the Arabic world, may 
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have supplied routes for the migration of these genera to China, especially 
through the Gangetic plains. Thus genera 1-13 cannot be considered as 
Indian influences on the flora of China. Genera 14 and 15 (Cyathocline 
and Tricholepis) are native of India and are Indian contributions to the 
Composite flora of China. The number of their species is small, and their 
effect on the flora of China is slight, however. 

Twenty-eight genera of Indian Compositae are absent from China. 
Twelve of these are genera endemic to India, occurring chiefly in the west- 
ern peninsula (7 genera, e.g. Centratherum) but also in central India (2 
genera, e.g. Lagascea), the western Himalayan region (2 genera, e.g. Cata- 
mixis), and northern India (the genus Caesulia). The remaining 16 genera 
have a wider distribution. Some of them extend from India westward 
through Africa to the Canary Islands (/floga), or to the Mediterranean 
region or Europe, (Volaturelia), or to western or central Asia (Epilasia). 
Others are tropical genera occurring also in America, Australia and Africa 
(e.g., Sclerocarpus and Chrysogonum). 


4. CHINA, CENTRAL ASIA AND SIBERIA 


Fedtschenko, in 1903 in his Flore du Pamir, covered 25 genera and 61 
species of Compositae. All of them, except Kentrophyllum and Pterotheca, 
are genera common to China and Pamir (TaBe III). Tribes Vernonieae, 
Eupatorieae, Mutisieae and Heliantheae are absent from Pamir. Senecio- 
neae and Inuleae are very poorly represented, the former tribe with 4 
species (3 in Senecio and 1 in Ligularia) and the latter tribe with only 
two species (1 each in Leontopedium and Inula). Cichorieae and Astereae 
are weakly represented in Pamir. The best developed tribes in this region 
appear to be the Cynareae and Anthemideae. The largest genus is Arte- 
mista, which has 20 species. Cousinia is the only genus that has more 
species in Pamir than in China. For the comparable genera, the species/ 
genus ratios are 63.5 for China and 2.5 for Pamir. The overwhelmingly 
large number of Chinese species in most of the common genera of these 
two regions seems to indicate that Pamir has had very slight influence in 
the development of the Composite flora of China. 

Krylov, in 1949 in his Florae Sibiriae Occidentalis, treated 68 genera and 
399 species of Compositae. Fifty-two of these genera are common to China 
and Siberia (Tasie III). Tribes Vernonieae and Eupatorieae are absent 
from western Siberia. Mutisieae are represented by only one species. Heli- 
antheae are represented by only two genera, these famous for their weedy 
species. In fact, three out of the five Siberian species of this tribe are 
widespread taxa in China. 

Twenty-five of the large genera in China also occur in western Siberia. 
All of them except Hieracium have much smaller numbers. of species. For 
the comparable genera there are 1729 species in China, with an average of 
33 species to a genus, and only 397 species in western Siberia, with an 
average of 7 species to a genus. 

The only genera that have approximately the same number of species 
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in the two regions, or slightly more species in Siberia, are Pyrethrum, 
Doronicum, Centaurea, Tragopogon, Achillea, Chondrilla and Hieracium. 
It is very likely that in these genera the Chinese Composite flora expresses 
the influence of the Siberian elements. 


IV. A COMPARISON OF THE COMPOSITAE OF CHINA 
WITH THOSE OF NORTH AMERICA 


The recognition of the identity or close similarity of angiospermous 
genera of eastern Asia and eastern North America is as old as the history 
of plant taxonomy. This relationship was known before the publication 
of Linnaeus’ Species Plantarum. In a proposition prepared for the debate 
of a student, J. P. Halen, who was the respondent of the thesis entitled 
“Plantae Camschatcenses Rariores,”’ Linnaeus in 1750 pointed out this 
affinity by listing 11 species which were supposed to be common to North 
America and Siberia (Linn. Amoen. Acad. 2: 336. 1752). About 1840 
Asa Gray became keenly interested in the relationship of the flora of 
Japan to that of the temperate part of North America. In a book review 
on Siebold and Zuccarini, Flora Japonica (Am. Jour. Sci. Art. 39: 175-176. 
1840), Gray selected 14 species of the ornamental or otherwise generally 
interesting plants of Japan and contrasted them with their closely related 
North American forms. His interest in discovering the relationship of the 
vegetation of the eastern sides of the two great continental masses in the 
northern hemisphere lasted for a long time. By 1856, in his Statistics of 
the Flora of the Northern United States, he concluded that there were 
more genera characteristic of eastern North America that it shared with 
an antipodal region, eastern temperate Asia, than with its neighboring 
district, western North America. 

Among his examples of extra-European genera common to eastern North 
America and eastern Asia, Gray listed six genera of Compositae, namely, 
Vernonia, Elephantopus, Diplopappus, Pluchea, Eclipta and Cacalia. At 
that time the flora of China was practically unknown to the botanical 
world. Our knowledge of that rich flora did not commence to develop 
until some French missionaries, including David, Farges and Delavay, sent 
their collections from Szechuan and Yunnan to Paris. Our summary of 
the data scattered in publications on the Chinese flora yields 72 genera 
of Compositae which are common to China and North America. They 
belong to 10 tribes, namely Vernonieae, Eupatorieae, Astereae, Inuleae, 
Heliantheae, Helenieae, Anthemideae, Senecioneae, Cynareae, and Cicho- 
rieae. 

An analysis of the numerous articles dealing with the floristic relation- 
ships of eastern Asia and eastern North America reveals that the authors 
have built up their evidence and accordingly drawn their conclusions from 
areas that are not comparable in size, climate, degree of rainfall or other 
factors which directly and indirectly affect the development and composi- 
tion of vegetation. Actually, these authors were comparing a rather limited 
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area of the eastern United States with the entire “China Proper,” which 
includes all the regions commonly known as “North China,” “South China,” 
“East China,” “Central China,” “West China,” “the Southwest” and “the 
Northwest.” Some authors also included the Northeast, Korea and Japan. 
These names, to the people in China who use them daily, do not refer to 
regions with defined boundaries. Rather, they signify territories radiating 
from the better-known metropolises over a distance of one to three hun- 
dred miles. These centers are Peking and Tensin in the North, Nanking 
and Shanghai in the East, Canton and Foochow in the South, Wu-Han 
(Wuchang-Hanchow) in central China, Chengtu and Chungking in the 
West, Kunming in the Southwest, Sian and Lanchow in the Northwest, 
and Mukden and Harbin in the Northeast. Any general physical atlas 
(for example, Plate 3 of Bartholomew’s The Times Survey Atlas of the 
World) would show that eastern Asia, as such, includes a much greater 
area, a more varied physiography, and more greatly diversified climate 
and related ecological conditions, than does eastern North America. For 
this reason, some of the conclusions drawn by eminent phytogeographers 
on the floristic interrelations of these regions are rather misleading. When 
the vegetation of comparable areas of eastern China and eastern United 
States is analyzed, and when the known cultigens and adventives are ex- 
cluded, the corresponding area of eastern China does not have two or three 
times as many genera as that of eastern United States, as some authors 
have claimed. In the case of Compositae, for example, the contrary is true. 
There are far fewer genera and species in the corresponding part of China. 
Moreover, the same analysis of the genera and species of Compositae gives 
no evidence to confirm Gray’s well-known conclusion that eastern North 
America shares more genera with its antipodal region in eastern Asia than 
with its neighboring district of western North America. 

In outlining comparable areas of eastern China and eastern North Amer- 
ica the extreme low temperature and the amount of annual rainfall are 
considered as the determining factors. For obvious reasons the area covered 
by Fernald’s eighth edition of Gray’s Manual is chosen as the basis for a 
comparison. Map 25 shows that the January temperature of this area 
varies from 10°F. in the north to 40°F. in the south, and the annual 
mean temperature is approximately 60°F. The corresponding area in 
China has a more southerly limit in the coastal area which reaches the 
30th parallel. Fernald’s area on the North American mainland extends 
approximately over Long. 65°-96°W. and Lat. 26°-50°N. (shaded area 
of map). The area in China with the same annual isotherms and approxi- 
mately the same length of growing season falls on Long. 104°-135°E. and 
Lat. 30°-47°N. (shaded). In China this area covers parts of Kirin and 
Heilungkiang, Liaoning, Jehol, Chahar, Suiyuan, Shensi, Shansi, Shantung, 
Hopei, Honan, Kansu, northern Chekiang, Anhwei, Hupei and eastern 
Szechuan. The physical features of the land-mass are of very ancient 
formation. The eastern portion of this area constitutes the alluvial plains 
of the Lower Yangtze River, the Yellow River, the Liao-ho and the Sungari 
River. The western portion of the area is an old plateau. The area in- 
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cludes many famous ranges where classical botanical collections were 
made in the last hundred years. Tsingling (including Tai-po Shan, 2000- 
4000 m.), Alashan (2000 m.), Lu-pan Shan, Taihang Shan, Ta-ching Shan, 
Wu-tai Shan (3040 m.), Chang-po Shan; Tai Shan and Tien-mu Shan are 
the well-known explored mountains. In rainfall and general climate this 
area is comparable with Fernald’s area. Both of them have warm or hot 
summers and cold winters, and both have a mean annual rainfall of 20-40 
inches. 


Map 25. World map showing comparable areas of eastern China and eastern 
North America (shaded). Solid lines mark the area with temperatures varying 
from 10° F. in the north to 40° F. in the south during January. The broken 
lines mark the area with an annual mean temperature of 60° F. 


Regarding the Compositae, Fernald treated 115 genera, 82 of which are 
native and 33 introduced. In the comparable area of China there are 94 
genera of Compositae, 27 of which are known to have been introduced as 
cultigens or weeds. A comparison of Fernald’s 115 genera with the Com- 
positae of China indicates that 47 of them occur in China at large, and 
only 37 of them occur in the corresponding area. Evidently of the genera 
of Compositae common to the two countries, only about four-fifths are 
shared by the corresponding area in China. A detailed comparison of these 
common genera is presented in TaBLE IV. The total number of species for 
China at large and that for the northwestern United States, as included 
in Hitchcock’s Vascular Plants of the Pacific Northwest, are also given 
for reference. The abbreviations in the column for Fernald’s area are: 
E = naturalized from Europe, T Am = adventives of tropical America, 
A = naturalized from Asia. For the corresponding area in China, such an 
accurate record is lacking. The relatively short botanical history and 
the prolonged period of human activities in the area make it forever im- 
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possible to ascertain the origin of certain of its extra-Chinese elements of 
Compositae. These genera, the center of species concentration of which 
are known to be in the Americas, the Mediterranean region, or western 
or central Asia, are marked with (?). 


TABLE IV. A Comparison of Genera of Compositae Common to Limited Areas 
of China and North America 


No. OF SPP. No. OF SPP. No. OF SPP. No. OF SPP. 


IN CHINA IN COMPARABLE IN FERNALD’S IN H1ITCHCOCK’S 
GENUS AT LARGE AREAS OF CHINA RANGE AREA 
Vernonia 34 4(?) 7 © 
Elephantopus 2 @) 3 0 
Eupatorium la 9 26 2 
Mikania 3 0) 1 0) 
Solidago 5 4(?) 75 10 
Aster SH, 43 68 34 
Erigeron 25 7 17, 62 
Anaphalis 51 7 1(E) 1 
Antennaria 2 0 32 25 
Gnaphalium 20 7 10 8 
Pulicaria 4 1 1(E) 0) 
Adenocaulon 2 2 1 1 
Xanthium 2 1(?) 15 2 
Acanthospermum 1 0 1(T Am) 0 
Parthenium 1 0 3(T Am) 0 
Eclipta 1 1(?) 1 0 
Rudbeckia 1 0 19 3 
Spilanthes 2 0 1 0) 
Bidens 6 6(?) 19 6 
Galinsoga 1 0 4(T Am) 1 
Achillea 10 5 5(E, A) 1 
Chrysanthemum Sil 33 4(E) 3 
Cotula 2 0 1(A) 1 
Matricaria 4 4(?) 3(E) 2 
Artemisia 158 81 ly 24 
Tussilago 1 1 1(E) 1 
Petasites 9 2 4(E) 2 
Erechtites 2 0 2 3 
Cacalia 60 23 4 C 
Senecio 160 27 22(E, A) 33 
Echinops 11 4 1(E) 1 
Arctium 2 2(?) 4(E) 2 
Carduus 11 5 3(E) 3 
Cirsium 59 16 17(E) 16 
Silybium 1 1(?) 1 i 
Centaurea i 6 12(11 E) 10 
Hypochoeris 3 2G) 1(E) 0 
Cichorium 2 Dia) 2 1 
Lapsana 3 3(?) 1 (0) 
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Tragopogon 10 3 3(E) 5 
Picris 8 2 2(B) 0 
Taraxacum 57 DE 11(some E) 5 
Sonchus 10 4 4(E) 4 
Lactuca 57 2S 16 6 
Prenanthes 19 5) 10 2 
Crepis Sil Z S(some E,A) 11 
Hieracium 14 4 19 8 


Several noteworthy points on the floristic relationship as expressed by 
the Compositae of the two areas can be drawn from the above data. First, 
in regard to the number of native genera, Fernald’s area has 82, while 
the corresponding area in China has 67, which is one-fifth less than in 
Fernald’s area. 

Secondly, regarding the genera common to the two areas, in Fernald’s 
area 22 out of the 47 genera which also occur in China are naturalized or 
adventive. The adventives of tropical American origin, such as Parthenium, 
Galinsoga, Acanthospermum, etc., occur in the warmer regions of China, 
but they are absent from the corresponding area under discussion. This 
phenomenon may indicate one of the two or both measures: that north- 
eastern North America supports more elements of the warmer regions than 
the corresponding area in Asia, and that due to the longer distance and 
the shorter period of communications between this part of Asia and trop- 
ical America these elements have not yet been introduced or established. 

Thirdly, among the common genera native to both areas there are nine 
genera which have far more species in Fernald’s area (Eupatorium, Soli- 
dago, Aster, Erigeron, Gnaphalium, Xanthium, Bidens, Prenanthes and 
Hieracium), while there are only three which have more species in the 
corresponding area in China (Artemisia, Lactuca and Taraxacum). 

Lastly, among the native genera, only Cacalia is common to the north- 
eastern North America and the corresponding area of China while absent 
from the Pacific Northwest. Meanwhile, there are three genera, Anten- 
naria, Rudbeckia and Erechitites, which are common to the areas of 
Fernald and of Hitchcock and are absent from the corresponding area of 
China. In the Composite flora, there is no evidence that the northeastern 
North America shares a larger number of genera with a comparable area 
of eastern Asia than with her neighboring area in western North America. 


V. THE REFLECTION OF COMPOSITAE ON THE 
VEGETATION OF CHINA 


In the foregoing analyses I have presented the general features of the 
Chinese Compositae. Special emphasis was given to the constituent genera 
of the family and their distribution. What light can the knowledge of this 
overall picture of the largest family of flowering plants of China cast on 
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the understanding of the vegetation of that country? The following dis- 
cussion will be centered around this subject. 

The Compositae reflect the very uneven floristic composition of the 
vegetation of China. If the distributional maps of the Compositae (Maps 
1-24) were superimposed on a single map, the resulting picture would 
have various shades of darkness, with the darkest area, representing the 
region richest in Compositae, falling over Yunnan, Szechuan and parts 
of their neighboring provinces, and the lightest area, representing the poor- 
est region, falling over Honan, Kiangsu, Shantung and parts of their neigh- 
boring provinces. What is true of Compositae is also true of the general 
vegetation. The region with the largest number of genera and species of 
Compositae is also the richest floristic region in China, and the region 
poorly represented with Compositae is also poor in natural vegetational 
coverage. 


1. Tue AREA RICHEST IN COMPOSITAE SUPPORTS THE RICHEST 
VEGETATION 


The area of greatest floristic richness is very limited, being formed by 
the Meridional Ranges which extend from western Yunnan northward 
to eastern Sikang, western Szechuan and the adjacent territory in Kansu 
and Shensi. Here, in order to present the vertical distribution of the pre- 
dominant genera of the Compositae in these mountains, a brief account 
of the complex physiography, which results in sharp changes of elevation 
and climatic differentiation, is also given. The consequent diversified types 
of vegetation are then described more fully. 

This region consists of very ancient formations characterized by high 
mountains and deep gorges. The mountains are formed mainly from mud- 
shales and granitic rocks. Occasionally limestones have been forced up 
through the older rocks to form bold peaks and stupendous precipices. At 
the bottom of the deep gorges flow torrential tributaries of seven large 
rivers which are, from west to east, the Chiukiang, Salween, Mekong, Chin- 
shakiang, Yalungkiang, Tatuho and Min Rivers. Most of the tributaries 
drain from mountains capped with perpetual snow. The principal courses 
of the seven rivers all run from north to south, parallel to the meridian 
and hence the mountains are known collectively as the Meridional Ranges. 

At lower altitudes, the valleys of the large rivers are bordered by deeply 
eroded treeless mountains. The climate here is hotter and drier than the 
altitude warrants and barren areas and desert-like vegetation are common, 
with Artemisia and Inula predominant among the Compositae. As one as- 
cends the mountains along the tributaries of the rivers, the change in 
topography and vegetation is sudden. Gentle slopes are inhabited by 
various tribes, such as the Lolo, Miao, Chiarung, Ch’iang, etc., and up to 
about 7500 ft. all the arable land is cultivated, the natural vegetation 
being greatly disturbed. The slopes which are too steep to reach, and the 
areas which are too far from human dwellings are covered with mesophytic 
forest. Trees, shrubs and herbaceous undergrowth flourish. The much- 
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travelled and experienced collector, E. H. Wilson, considered this zone to 
have one of the world’s richest vegetations. Along the roads skirting the 
banks of the streams, on the edges of the forests, or on drier grassy slopes 
are many species of Artemisia, Crepis, Aster, Eupatorium, Gnaphalium, 
Arctium, Carpesium, Erigeron and Tussilago. The slopes from 7500- 
9000 ft. are covered by mixed forests of many species of deciduous trees 
and conifers. On the southern flanks of the mountains bamboo forests, 
mixed with some deciduous or evergreen trees are common. In the forests 
or on the flood plains species of Senecio, Anaphalis, Cirsium, Ainsliaea 
and Gerbera are common. From 9000 ft. to timber line the slopes are cov- 
ered with virgin coniferous forests. The Composite family is rather poorly 
represented in this zone. Above timber line, in the alpine meadows, with 
the extraordinarily rich assemblage of herbaceous types, the family has 
its best development. Many species of Artemisia, Saussurea, Dubyaea, 
Soroseris, Cremanthodium, Ligularia, Aster and Jurinea form pure colonies. 
Many others growing mixed with grasses, sedges, Aconitum, Saxifraga, 
Delphinium, etc. are found. It is not an exaggeration to call the alpine 
meadows of the Meridional Ranges the Land of Compositae. On the razor- 
like ridges species of Leontopodium and Anaphalis form colonies. In fact, 
species of Compositae can be found in all kinds of habitats in the alpine 
region of the Meridional Ranges. In places where no other flowering plant 
thrives, species of Compositae grow. Thus, immediately below the per- 
petual snow line, in the rock cracks where there is a thin veneer of wind- 
blown soil, one may find different species of Saussurea and Soroseris. 

In considering the floristic richness of this area it must be remembered 
that the seven rivers have hundreds of tributaries. Thus, in a very limited 
region, the complicated habitats and the diversified vegetation are re- 
peated several hundred times. The proximity of subtropical swamps, semi- 
desert scrubs, mesophytic forests, grassy slopes, bamboo woods, coniferous 
forests, alpine meadows and high-altitude tundra provide unusual oppor- 
tunities for the close contact of many species. This brings about unique 
chances for the hybridization of related forms. In many places these di- 
versified habitats can be found within five miles of one another. The 
heterogeneity of external conditions induces mutation and accelerates spe- 
ciation. Frequent landslides after the annual monsoon storms, or occasional 
earthquakes, provide new habitats for the colonization of new forms. All 
these conditions are contributing factors to the rich Composite populations 
of the Meridional Ranges. 

As stated before, the region that is richest in Compositae is also the 
land with the richest vegetation in China. It is rich in gymnosperms and 
there is no comparable region in the world that has so many species of 
Taxus, Cephalotaxus, Larix, Abies, Picea, Tsuga and Juniperus as the 
Meridional Ranges in China. It is rich in broad-leaved trees and shrubs. 
In fact, this region is the homeland of many garden specialties, especially 
those in the genera Acer, Akebia, Berberis, Camellia, Clematis, Cotoneaster, 
Deutzia, Euonymus, Hydrangea, Ilex, Jasminum, Kerra, Lonicera, Nan- 
dina, Paeonia, Rhododendron, Rosa, Syringa, Viburnum, etc. It is par- 
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ticularly rich in herbaceous types. Species of Aconitum, Allium, Anemone, 
Corydalis, Cypripedium, Delphinium, Dianthus, Fritillaria, Lilium, Poly- 
gonum, Potentilla, Rheum, Ranunculus, Saxifraga, Sedum, Thalictrum, etc. 
are very numerous. There is no place in the world that can surpass this 
region in the number of species of Primula, Gentiana, Meconopsis and 
Pedicularis. It is also rich in monotypic or oligotypic families and genera. 
Aucuba, Alangium, Coriaria, Delavayia, Dipteronia, Eucommia, Euptelea, 
Euscaphis, Helwingia, Stachyurus and Tetracentron are only a few exam- 
ples. They are important constituents of the mesophytic forests of the 
region. As the mountains of this region generally reach 12,000—16,000 ft., 
alpine vegetation reaches the peak of its development. Grasses and sedges 
are numerous both in kind and in individuals. The southern portion of 
the region reaches the subtropics. The north-south direction of the valleys 
of the main rivers favors the movement of tropical monsoon rainfall farther 
north than the latitudes warrant. Species characteristic of the warmer 
regions are well developed in the lower elevations. Cycas, Podocarpus, 
palms, bamboos, lauraceous trees and shrubs, and large woody leguminous 
vines characteristic of the tropical rain forests are abundant in the jungles 
at low elevations. The experienced explorer F. K. Ward, after visiting 
the southwestern corner of this region, called it the “Plant Hunter’s Para- 
dise.” E. H. Wilson, after going through the northern portion of the 
region, commented upon it as being the richest area in vegetation on earth. 
The entire area is highly significant in the vegetation of China. 


2. Tur AREA PooREST IN COMPOSITAE HAS THE POOREST VEGETATION 


This area is called the Central Plain (Chung-yuan) in ancient Chinese 
literature. It is the plain on which the ancient history of China was built. 
Even in modern times it is still the focal point in the struggle for power 
among the war lords, for whatever party gets this area gets control of 
the national government. In modern geography and in current news this 
area is called the North China Plain. In size it is approximately equal 
to the region which has the richest vegetation, but in its physiography it 
is very different. 

Geographically this plain is the alluvial fan formed by the Yellow River. 
It covers central and eastern Honan, southeastern Hopei, western Shan- 
tung, northern Kiangsu and northern Anhwei. Throughout the territory 
no elevation exceeds 200 ft. above sea level, excepting in northern Kiangsu, 
where there are a few low, barren hills up to 600 ft. high. On the Kiangsu- 
Anhwei border in the south there is a swampy lake, Hung-tse-hu, and on 
the Kiangsu-Shantung border there is a similar lake, the Wei-shan-hu. 
The changeable courses of the lower Yellow River radiate like the ribs 
of a fan with Loh-yuan at the pivot, Tiensin on a rib to the north, and 
Suchow on another rib to the south. 

Geologically this area is a new land. It is so new that the configuration 
of the surface has undergone noticeable changes in the last fifty years. 
Around my home village (Kiangsu Province), the heavy deposits of the 
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frequent floods, so frequent that thirteen floods occurred in the summer 
of 1924, have elevated the land up 3 ft., and the repeated erosions have 
converted a former road into a river. 

Historically this area is one of the earliest inhabited spots of the world. 
The discovery of the Peking man, Sinanthropus pekinensis, in 1928, ma- 
terially proves this proposition. The rich alluvial land, the temperate cli- 
mate of this latitude and the timely rainfall, the maximum of which occurs 
in July, all favor the development of agriculture. For four thousand or even 
more years, the people in this area have been farmers. It is estimated that 
at present every square mile of the cultivated land in this region supports 
1479 people. Ninety per cent of them are farmers, who obtain their entire 
livelihood from the products of the soil. For at least four thousand years 
men have reshaped every inch of the land in this area, and there is no 
spot with natural vegetation. All land surfaces that can possibly be culti- 
vated are utilized. The small lots of farm land are carefully tilled. There 
are no farms in the world that have so few weeds as the farms in this area. 
Natural resources are utilized to the limit. After the planting of winter 
wheat, and the harvesting of sweet potatoes and carrots, for hundreds of 
miles at a stretch the land is of one brown color. The fields are turned 
over. The fallen leaves are collected for fuel. The herbs on the roadsides, 
or along the banks of canals are carefully scraped off with a thin veneer 
of the top soil. When dry, the mixture of plants and earth is collected and 
used for spreading over the floor of the animal house in winter. Eventually 
this becomes the fertilizer for the fields the next spring. 

Under such intense utilization of land, the species of Compositae occur- 
ring in the area, with the exception of the cultivated forms, are no more 
than can be counted on the fingers of two hands. These are all wide- 
spread weeds. Eclipta alba is common in gardens and cotton or soybean 
fields. Cirsium lineare is common in kao-liang (Sorghum) fields. Lactuca 
tartarica and Artemisia campestris occur in alkaline soil. Saussurea affinis 
and Ixeris chinensis occur in gardens and graveyards. Artemisia annua 
and Xanthium strumarium occur on village commons. Jnula britannica 
occurs in protected woods on the outskirts of villages. Bzdens chinensis 
and Taraxacum officinale occur in graveyards. Scorzonera albicaulis is 
limited to the arid region of the barren hills. With the exception of Eclipta 
and Cirsium, the occurrence of all the above-mentioned species is occa- 
sional. Thus the Composite flora of this area is poor in the number of 
individuals as well as poor in kinds. 

The region poor in Compositae is also poor in other vegetation in China. 
Forests are unknown to this area. Woods protected by temples or well- 
to-do families are rather rare. The component species are few. Thuja 
orientalis, Salix babylonica, Populus alba, Juglans regia, Castanea mol- 
lissima, Ulmus pumila, Ulmus parvifolia, Morus alba, Sophora japonica, 
Ailanthus altissima, Melia azedarach and Euonymus bungeanus are the 
common species. Lycium chinensis and Tamarix chinensis are often found 
in long stretches of sand which may mark the course of a former river. 
Herbaceous species are also few. Cynodon dactylon, Eleusine indica, Im- 
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perata cylindrica, Miscanthus sacchariflorus, Eremochloa colonum, Digi- 
taria sanguinalis, Chenopodium album, Amaranthus viridis, Celosia argen- 
tea, Acalypha australis, Apocynum sibiricum, Galium aparine and Mazus 
rugosus are the common species. 


3. Tue CHARACTERISTIC RANGES OF SOME SUBGENERIC TAXA IN CHINA 


Maps 26 and 27 represent the linear distribution of several species of 
Leontopodium and Taraxacum. This is done by drawing a line through 
the provinces where the species under discussion has been recorded. It is 
interesting to note that the lines representing the distribution of each 
species form a more or less modified S-shape. Looking at these distribu- 
tional lines by provinces they connect Tibet, Sikang, Yunnan, sometimes 
Kweichow, Szechuan, Kansu, Shansi, Shensi, Hopei or Suiyuan and Mon- 
golia or Chahar, Heilungkiang, Kirin and Liaoning. Looking at them by 
topography, they link up the Tibetan Plateau, the Meridional Ranges, the 
Tsingling, the Taihang Shan or the Yin Shan, the Great Khingan, the 


Maps 26, 27. Linear ranges of some species of two genera showing S-shaped 
distributional patterns: 26, Species of Leontopodium; 27, species of Taraxacum. 


Little Khingan and the Chang-po Shan. Although the length and the 
shape of the lines representing different species may vary, they all pass 
the Tsingling. Evidently, with regard to the distribution of these species, 
the Tsingling is a bridge for their northeastward extension and not a 
barrier to their dispersion. 

Geographers in describing the physiognomy of China have emphasized 
the ill effect of the Tsingling on the unity of the country. They have also 
created a misleading impression that the Tsingling Range has been a bar- 
rier to the distribution of animals and plants. For example, one author 
(Cressey, 1934. p. 14-15) wrote, “Greatest of all the mountains of China 
is the eastward extension of the Kuen Lun, known in China collectively as 
the Tsingling Shan. . . . The mountains divide China into two major geo- 
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graphical regions, characterized by striking contrasts in climate, agriculture 
and human activities. . . . There are two Chinas, each with distinct char- 
acteristics in sharp contrast to those of the others. . . . One China is in 
the South, a land of abundant rainfall. . . . This is the land of . . . rice 
and bamboo . . . the people are shorter in stature. . . . The other China 
is in the North, a land of limited and uncertain rainfall. . . . The stand- 
ard crops are millet and Kaoliang and beans. . . . The people are taller. 
. . . The South tends to be radical and revolutionary, while the north is 
stolid and conservative. . . . The boundary between the North and the 
South is transitional . . . it coincides with the crest of the Tsingling Shan.” 
Another author (Lee, 1939, p. 2) in a more concise manner maintained, 
“The Tsingling Range forms the natural divide between northern China 
and the Yangtze Valley .. . these ranges that have naturally sharpened 
the climatic contrasts and regional differences in other geographical con- 
ditions, against which the Chinese have struggled for their unity during 
historical time.” 

Actually whether Tsingling does have such far-reaching influence on the 
physical conditions of the land, on the distribution of plants and animals, 
and on the life of the people is questionable. First, the mountains consti- 
tuting the Tsingling Range are of unequal heights. As the range extends 
from the border of Kansu-Szechuan-Shensi eastward to Hupei, Honan and 
Anhwei, the elevation is gradually reduced. In the west the mountains are 
continuous and often snow-capped, but to the east they seldom reach 
600-1200 ft. in altitude. Moreover, there are many broad gaps from 
Hupei eastward, and in Kiangsu Province there are only plains and hills. 
The differences in climatic conditions and human activities described in 
the foregoing quotations are found in the low land where the tail-end of 
Tsingling is not high enough to be a climatic barrier. Actually the people 
living to north and south in the mountains of the western end of Tsingling 
have much more in common than those living in the plains in the east 
where there are no mountain barriers. For example, the people in the 
mountains of Szechuan, south of Tsingling, and those of Labrang in south- 
western Kansu, north of the Tsingling, have more in common than the 
people of Suchow and Shanghai, both in Kiangsu Province. Likewise in 
plant distribution the high mountains constituting the western portion of 
Tsingling are bridges over which the montane and alpine elements of 
the south extend to the higher latitudes of the north and the boreal ele- 
ments migrate to the high altitudes of the south. To regard Tsingling as a 
bridge and not a barrier in the distribution of plants of the subgeneric level 
is essential in the understanding of the vegetation of China. 

In the Compositae many species in the genera Aster, Chrysanthemum, 
Artemisia, Senecio, Cacalia, Leontopodium, Taraxacum, Ligularia, Saus- 
surea and Lactuca extend from Tibet, Yunnan, Szechuan or Sikang in the 
south, over the Tsingling Range to Shensi, Shansi, Kansu and even Hopei, 
Manchuria and Korea in the north. Linear connections of these distributions 
reveal an S-shaped pattern with Tsingling falling at the northern half be- 
yond the middle. Maps 26 and 27 illustrate the S-shaped distribution of 
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the species of Leontopodium and Taraxacum which may be taken as exam- 
ples of this type of distribution. 

This is a pattern of distribution not limited to the Compositae alone, 
but a general pattern of distribution of many taxa at the subgeneric level. 
There are numerous examples in the Coniferae. Ostenfeld and Syrach- 
Larsen in The Species of the Genus Larix (p. 18) give a perfect S-shaped 
distribution of L. potaninii. In fact this species is closely related to L. grif- 
fithiana and L. mastersiana. Morphologically there is no clear-cut division 
between them. Their status as species depends largely on the temperament 
of the taxonomist. They can certainly be regarded as geographical variants. 
Larix griffithiana occurs also in Yunnan. Looking at the distribution of 
the group as a whole, the S-shaped range can be extended to the southern 
Himalayas. Abies delavayi, A. georgei, A. forrestii, A. faberi, A. faxoniana 
and A. chensiensis (French spelling for Shensi) present the same taxonomic 
problem, and form the same S-shaped range. These species are fairly dis- 
tinct, but there are some intermediate collections. 


Maps 28-30. Distribution of three monotypic genera showing S-shaped ranges: 
28, Ostryopsis davidiana; 29, Tetracentron sinense; 30, Euptelea pleiosperma. 
Each dot represents a collection in the herbarium of the Arnold Arboretum. 


Another example of the S-shaped range is found in Betula platyphylla. 
This species is known to some botanists as B. japonica and to others as 
B. mandshurica. In this case the taxonomists are more conservative and 
the geographical variants are regarded as varieties. The five varieties of 
this species, Betula platyphylia vars. rockit (from Yunnan), szechuanica 
(Szechuan-Kansu-Shansi), mandshurica, kamtschatica and japonica form 
an elongated S-shaped range extending from Yunnan through the Merid- 
ional Ranges, the Tsingling, the Taihung Shan, the Yin Shan, the Khingan, 
the Changpo Shan to Kamchatka and Japan. 

Many monotypic genera also have similar patterns of distribution. To 
cite a few examples, the two varieties of Ostryopsis davidiana (vax. cin- 
erascens and var. nobilis |Betulaceae]) form an S-shaped distributional 
pattern over northwestern Yunnan, western Szechuan, Kansu, Shensi, 
Shansi, Hopei and Chahar (Map 28). Tetracentron sinense (Tetracen- 
traceae) forms a shorter curve but with the same pattern over Yunnan, 
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Szechuan, Shensi and Hupei (Map 29). Euptelea pleiosperma (Euptelea- 
ceae) forms an even more symmetrical S-shaped distributional pattern 
covering Sikang, Yunnan, Szechuan, Shensi, Honan, Hupei and Kweichow 
(Map 30). 

Many more cases can be cited from Gentiana, Potentilla and Saxifraga 
to illustrate the S-shaped distribution of subgeneric entities. In short 
it is conclusive that the mountain ranges including the Tsingling are bridges 
for the distribution of plants. It should also be noted that all the examples 
cited have small seeds which can be dispersed through adhesion to animals 
and man as well as by wind. In many cases closely related forms also 
occur in the northern Rockies. For example, Larix occidentalis and L. 
potaninu, Philadelphus lewisii and P. tenuifolia are morphologically twin 
species of the two continents. 


4. ENDEMIC ELEMENTS 


About one-third of the 167 recognized genera of Compositae in China 
are endemic to that country. Most of them are monotypic or oligotypic 
genera but several of them, such as Cremanthodium and Youngia, have 
from 30 to 60 species. The occurrence of the endemic genera and species 
of Compositae is illustrated in Map 32. In this map the lines represent 
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Map 32. The occurrence of endemic genera (in lines) and species (in dots) of 
Compositae in China. 
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monotypic or oligotypic genera and the dots represent species known only 
from the type localities. Evidently the occurrence of the endemic genera 
and species of Compositae is a widespread phenomenon in the country. 
There seems to be no restriction on where endemism may occur, but it 
appears clear that there are definite areas of concentration of the endemics. 
The Compositae of various regions of the country have been studied by 
botanists of different nationalities. The Japanese botanists have published 
very liberally on the flora of Taiwan and on that of northern or north- 
eastern China. The Russian botanists have described many new genera 
and species from Mongolia and Sinkiang. British botanists have published 
new taxa from Tibet and Yunnan. French, Austrian, Italian and German 
botanists have published voluminously on the material collected from 
central China. Individual differences in background, technique and tem- 
perament on the part of these botanists naturally affect the quality of 
the new genera or species they described. Some of them “split” more than 
the others. Consequently the areas they work on appear to support more 
endemics. In addition to these inevitable human defects, there is still 
another difficulty which affects the value of the map showing endemism of 
Compositae in China. This difficulty is that some areas are better explored 
and more endemic elements have become known than in other areas. For 
these reasons questions may be posed as to the validity of specific cases 
on the occurrences of narrow endemics. Nevertheless, for the general 
trend of endemism in the flora of China, the endemic genera and species 
of Compositae present remarkable examples. 

The Meridional Ranges, especially in northwestern Yunnan, have the 
highest degree of endemism in the Compositae, both on the generic and 
on the specific level. Many monotypic genera like Vierrhapperia, Formania, 
Vladimiria and Leucomeris occur only in Yunnan and others like Wardaster 
and Bolocephalus occur only in Sikang. Many oligotypic genera occur 
throughout the region forming S-patterns in Yunnan, Sikang, Szechuan and 
Kansu or Shensi. Myriactis, Stereosanthus, Nouellia and Dubyaea are a 
few examples. Some of them such as Faberia extend the range to Kweichow 
while others such as Soroseris, Tricholepis and Myriactis extend the range 
to Chinghai and Sinkiang or Tibet and North India. The high degree of 
endemism in the Meridional Ranges and the extension of some genera to 
the Himalayas, to Tibet or to Kweichow represent common patterns of 
the occurrence of monotypic or oligotypic endemic genera in the flora of 
China. For example, Docynia delavayi (Rosaceae), occurs only in Yunnan, 
while Tetracentron sinense (Tetracentraceae) is very numerous at mid- 
high altitudes both in Yunnan and Szechuan. Euptelea pleiosperma 
(Eupteleaceae); Decaisnea fargesii (Lardizabalaceae), and Sibiraea lae- 
vigata var. angustifolia (Rosaceae) are abundant in this region but with 
their ranges extended to India, Shensi, Hupei, or to Kansu and Sinkiang. 

Taiwan is another area with a high degree of endemism, largely on the 
specific level. There are, however, a few oligotypic endemic genera which 
Taiwan shares with the mainland, especially with Yunnan. For example, 
there are 5 valid species of Myriactis on the mainland. These are concen- 
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trated in Yunnan and its adjacent regions, one as an endemic, one ex- 
tending to Szechuan, two extending to Nepal and Kweichow. There are 
also one species and two varieties of the same genus in Taiwan. Rhyn- 
chospermum verticillatum is another species which occurs in Yunnan, 
Szechuan and Taiwan. There is a close tie between the flora of Yunnan 
and Taiwan. There are many subgeneric entities that are common to both 
regions and absent in areas between them. This tie is best expressed in 
some small endemic genera. 

North China has several endemic genera of Compositae. Some of them 
are restricted only to one province. Tugarinovi and Stilpnolepis are known 
only from Suiyuan. Takeikadzuchia is restricted to Chahar. Others have 
wider ranges. Myripnois was first described from Peking. Additional col- 
lections have extended its range to Shansi and Kansu. Filifolium is known 
from Hopei to Heilungkiang. Probably many of these genera are due to 
the splitting activities of some Japanese and Russian botanists. The gen- 
eral flora evidently does not have a proportionate number of isolated 
endemics on the generic level. In general there are fewer endemics in 
North China. The genera characteristic of the flora of the region often ex- 
tend to East China. Xanthoceras sorbifolia was first published from Peking. 
Additional collections extend its range to Shansi and Kansu. Hemiptelea 
davidi was also described from Peking but material in the herbarium of 
the Arnold Arboretum shows that it occurs in the Lower Yangtze Valley in 
the south, and in Manchuria and Korea in the north. 

Northwestern China also has several endemic genera of Compositae. 
Brachanthemum is recorded from Kansu, Sinkiang and Mongolia. Xan- 
thopappus from Kansu and Chinghai, Olgaea from Ninghsia, Shansi, 
Kansu, Sinkiang and Mongolia, and Asterothamnus is recorded from 
Sinkiang and Mongolia. The occurrence of these endemic genera of Com- 
positae reflects the special character of the vegetation of the prevailing 
desert condition of this region. In the general flora endemic monotypic 
or oligotypic genera are not uncommon, especially in Caryophyllaceae, 
Tamaricaceae, Cruciferae and Zygophyllaceae. For example, Acantho- 
phyllum spinos (Caryophyllaceae) occurs only in Sinkiang and the adjacent 
area of Mongolia. The monotypic genus Tetradena (T. mongolica, Zygo- 
phyllaceae), is endemic to the Kusuptschi desert of southwestern Suiyuan, 
and the oligotypic genus Reaumuria (Tamaricaceae) is represented in 
Kansu by R. ¢rigyna and in Sinkiang and northwestern Mongolia by 
R. soongorica. 

The region drained by the Middle Yangtze, that is, the Hupei-Szechuan 
border and the adjacent area of Shensi, marks the eastern end of Tsingling. 
Like the Meridional Ranges this is also a river-gorge country. But here 
the mountains walling the gorges of Yangtze, Hanshui and their numerous 
tributaries are only of moderate height. In general the river beds are about 
600 ft. above sea level, and the altitudes of the mountains vary from 
1800 to 7500 ft. The area is thickly populated and the vegetation is greatly 
disturbed. Some forests are preserved in the less accessible areas. Botan- 
ically this is the best known area of the country, for much has been pub- 
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lished on the extensive collections made by A. Henry, E. H. Wilson, P. C. 
Silvestri and P. Farges from this region. In this region the endemism 
among Compositae is not as striking as that in the Meridional Ranges. 
On the generic level there is no genus which is limited to this region in 
particular. The genera that are endemic to China and also occur here 
seem to have their centers of distribution elsewhere. For example, Ainsliaea 
and Pertya both occur here but the center of their species concentration 
is evidently to the west of this area, in the Meridional Ranges. Sheareria 
also occurs here but the core of its range seems to be to the east of this 
area in the Lower Yangtze Valley. The endemics of this area are largely 
of the specific or subspecific levels, and they are relatively fewer than 
those of the Meridional Ranges. Senecio doryotus, Ligularia fargesit, 
Ainsliaea henryi, and Pertya sinensis are a few examples of the endemic 
species. Ligularia hodgsonii var. pulchella and Anaphalis sinica var. 
calvescens are some examples of the infraspecific endemics. 

It seems that in this area endemism in Compositae does not reflect the 
picture of endemism in the general flora. It is true that this area seems 
to be on the periphery of the ranges of some endemic genera, for example, 
in the distribution of Tetracentron sinense (Tetracentraceae), which forms 
an S-shaped range over Yunnan, western Szechuan, southern Shensi and 
western Hupei (Map 29). As remarked by E. H. Wilson, this monotypic 
genus is common in western Szechuan and rare in this area. Apparently 
western Hupei marks the eastern limit of the range of the genus. For- 
tunearia sinensis (Hamamelidaceae) is common in the lower Yangtze re- 
gion, that is, the Anhwei-Chekiang-Kiangsu border. One collection from 
Chikungshan of southern Honan and one collection from Franghsien of 
western Hupei mark the western limit of the range of the species. Loro- 
petalum chinensis (Hamamelidaceae) is widespread in the warmer region 
of China. It occurs in woods along the lower Yangtze valley and thence 
extends southward to Kwangtung and Kwangsi. Apparently its occurrence 
in the mid-Yangtze marks the northwestern limit of the range of this 
monotypic genus which is characteristic of the mesophytic forest in the 
warmer part of the country. On the other hand, this region constitutes 
the center of the ranges of some other monotypic or oligotypic endemic 
genera. For example, Decaisnea fargesii (Lardizabalaceae) and Sino- 
mentum acutum (Menispermaceae) both have S-shaped distributions in 
Yunnan, Szechuan and Hupei. With D. fargesii the range extends bilater- 
ally and with evident disjunction to Sikkim, on the west, and Huang Shan 
in Anhwei, on the east (Map 33). With S. acutum the range extends east- 
ward as a narrow band to Japan (Map 34). In both genera the mid- 
Yangtze region is a part of the central core of their distribution. It is 
noteworthy that Sinowilsonia henryi (Hamamelidaceae) is restricted to 
the mountains of northwestern Hupei. Cercidiphyllum japonicum var. 
sinense (Cercidiphyllaceae) has an equiformal distribution from this region 
westward to western Szechuan and eastward to southern Anhwei. The 
occurrence of woody endemics in the mid-Yangtze and in the Meridional 
Ranges (which are sometimes called the Upper Yangtze) seems to tie the 
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flora of the mid-high altitudes together. The relative paucity of en- 
demics of Compositae in the mid-Yangtze region is apparently due to the 
absence of high mountains and alpine vegetation in the area. 


Maps 33, 34. Mid-Yangtze region as the center of two monotypic genera: 33, 
Decaisnea fargesii; 34, Sinomenium acutum and its variety. 


The region generally called the lower Yangtze valley is another area 
characterized by a moderate degree of endemism. It covers northern 
Kiangsi, southern Anhwei, southern Kiangsu and the adjacent Chekiang. 
This area is a land of numerous hills. The botanically better-known ones 
are Lu Shan, Huang Shan, Tien-mu Shan, and the Nanking Hills, includ- 
ing the Ox Head Hills. Their altitudes vary from 900 to 4500 ft. The 
area is thickly populated and the vegetation is greatly disturbed. Endemism 
in the Compositae is at the specific or infraspecific level. For example, 
Pertya desmocephala is a narrow endemic which is known only from the 
type locality in Chekiang. Youngia japonica ssp. elstonii is known only 
from Chekiang and Kiangsu. At the generic level there are no Compositae 
limited to this area. Sheareria was first described from Kuling in northern 
Kiangsi. Additional collections extend its range to Chekiang, Hupei, Hunan 
and even northern Kwangtung. Synurus occurs in Kiangsi and Chekiang, 
but its range extends northward to Heilungkiang and to Japan. There are 
certain widespread endemic Chinese genera which are exceedingly abun- 
dant in this area. Asteromoea, Hemistepta, Youngia, and Ixeris are a few 
examples. They generally occur as weeds. Their origin is obscure and 
their ranges can hardly be regarded as illustrating certain distributional 
patterns. Endemism in the general flora of this area is more evident at 
the generic level than it is in the Compositae. The monotypic genera 
Fortunearia (F. sinensis, Hamamelidaceae) and Fontanesia (F. fortunei, 
Oleaceae) evidently have the center of their ranges in this area. The latter 
species apparently occurs more or less as a cultigen. The occurrence of 
several woody endemics in this area illustrates the same principle as ex- 
pressed by the Composite genera. There is a close tie between the flora 
of this region and that of North, Central and South China. For example, 
Hemiptelea davidii (Ulmaceae) ranges from this area northward to Hopei, 
Shansi, Heilungkiang and Korea. The occurrence of Decaisnea fargesi 
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(Lardizabalaceae) and Stephandra chinensis (Rosaceae) in Huang Shan 
of southern Anhwei ties the flora of this area to that of Central and West 
China. Fortunella hindsii and Ilex lohfauensis are characteristic elements 
of the Wu-yi Range of southeastern China, and their northern limits are 
in southern Anhwei or Chekiang. The occurrence of Cercidiphyllum 
japonicum var. sinensis (Cercidiphyllaceae), Sinomenium acutum var. 
cinereum (Lardizabalaceae) in Huang Shan, Anhwei, and of Jlex Jati- 
folia in southern Kiangsu, Anhwei and Chekiang shows the very close 
relationship between the floras of this area and Japan. 

The region drained by the Pearl River and its tributaries is generally 
known as South China. This area is a land of hills and mountains which 
are collectively called Nanling. The Nanling Range extends along with the 
tropic of Cancer from the border of Yunnan and Kwangsi eastward to the 
Fukien-Kiangsi-Chekiang border. The mountains are about 2000 to 4000 
ft. above sea level. The vegetation is subtropical. In the last 50 years ex- 
tensive botanical explorations have been made in the area largely through 
the codperation of local Chinese universities and the Arnold Arboretum of 
Harvard University. Although much of the accumulated material awaits 
careful study, what. has already been published is sufficient to indicate that 
this region possesses a relatively high degree of endemism. In the Composi- 
tae, at the generic level, there is the monotypic genus Heteroplexis (H. 
vernonioides) from Kwangsi. At the specific level, there are Vernonia 
chingiana from Kwangsi, V. solanifolia from Kwangtung, Ainsliaea cleisto- 
gama and A. parvifolia from Kwangtung, and A. plantaginifolia from south- 
ern Hunan. The general flora of this region shows the same pattern of 
endemism as reflected by the Compositae. In the north, the monotypic 
Handeliodendron (H. bodinieri, Sapindaceae) is restricted to the border re- 
gion of Kweichow and Kwangsi. In the south, the monotypic genus Myti- 
laria (M. laesensis, Hamamelidaceae) is restricted to the Yunnan-Kwangsi 
and Indo-China border. Concentrated in this area but with wider distribu- 
tion are Bretschneidera sinensis (Bretschneideraceae, a monotypic family) 
and Eustigma oblongifolium (Hamamelidaceae). The former species radi- 
ates in an equiformal area covering Kwangsi to northern Kwangtung on the 
east, eastern Yunnan on the west, southern Kweichow and Hunan in the 
north, and northern Indo-China in the south. The latter covers almost the 
same range and it extends even to Taiwan. 

There are a few genera of Compositae which appear to be endemic to the 
flora of China as widespread weeds or as cultigens. They may be mono- 
typic, as Hemistepta and Callistephus, or they may occur as oligotypic 
genera, each having one widespread variable species and a few isolated en- 
demic species, such as Asteromoea, Youngia and Ixeris. This condition of 
endemism associated with man’s activities is a common phenomenon in the 
general flora of China. For example, Ginkgo (G. biloba, Ginkgoaceae), 
Metasequoia (M. glyptostroboides, Pinaceae), Broussonneiia (B. papyri- 
fera, Moraceae), Platycarya (P. strobilacea, Juglandaceae), Pteroceltis 
(P. tatarinowit, Ulmaceae), Nandina (N. domestica, Berberidaceae), 
Chimonanthus (C. praecox, Calycanthaceae), Melia (M. azedarach, Meli- 
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aceae), and Ailanthus (A. altissima, Simarubaceae) are all Chinese species 
or monotypic genera, the wild state of which is obscure, and their existence 
is associated with man. Probably this condition is brought about largely 
through man’s continuous destruction of the natural vegetation. Since the 
period when the angiosperms became dominant features of the world’s flora, 
there is no geological evidence that catastrophic changes have annihilated 
the plants of any extensive area in China as did the Pleistocene glaciers in 
Europe and America. Yet with the exception of the less accessible areas of 
the Meridional Ranges, there is hardly any area covered with natural vege- 
tation. In most places poverty is a striking feature of the flora. Unless pro- 
tected by the Buddhists as temple property, woods are rare. China is an 
old country, and it has long been extremely overpopulated. There has been 
a constantly greater demand for food than the arable land can produce. 
The conversion of forested areas into temporary farms by burning the hill- 
sides is a common practice. Repeated intentional forest fires have denuded 
the mountains throughout the country, exterminated many species and left 
many others to represent isolated endemic genera or families. 

In conclusion, the endemics in the Chinese Compositae reflect a very fair 
picture of endemism in the general flora of the country except in the mid- 
Yangtze region where there are proportionately more isolated woody en- 
demics at the generic level. The lack of alpine vegetation in this area and 
the protection from human destruction which the steep gorges afford the 
vegetation of limited areas are probably the chief contributing factors of 
this situation. 


5. ExTRA-CHINESE ELEMENTS 


About 48% of the genera of Compositae in China are probably not of 
Chinese origin. Some of them have as many as 30 species, while others have 
only one or two or a few species. Their distribution in China is widespread 
either as weeds or cultigens or localized in coastal regions or port areas as 
adventives. In general, the tropical elements such as Vernonia, Gynura, 
Blumea, Emilia, Erechtites, etc. are concentrated in the south, especially 
in Yunnan, Kwangtung, Hainan and Taiwan. The Mediterranean, Central 
Asiatic and European elements such as Tragopogon, Achillea, Cousinia, 
Echinops, Arctium, Matricaria, etc. are limited to the west and the north, 
especially to Sinkiang, Tibet, Mongolia and Hopei. It is noteworthy that 
most of the widespread weeds like Evigeron canadensis, Xanthium stru- 
marium, Eclipta prostrata, Bidens pilosa, etc. appear to be of New World 
origin. 

As America is a melting pot of the modern world, so was China in the 
ancient historical times, and the flora of China is the result of this min- 
gling. In 126 B.C. a general of the Chinese Empire subdued the people 
and annexed the country of the Iaxartes and Oxus rivers in Central Asia 
to the Han Dynasty. Since then, for approximately sixteen centuries, China 
has had more influence on land and sea in the Old World than most people 
realize. With the conquest of Central Asia began the silk trade. the most 
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far-reaching large-scale overland commerce of the ancient time. It reached 
from the Pacific coast on the east to the shores of Britain on the west. Al- 
though the transactions were carried on through intermediate merchants, 
large-scale movement of men and animals provided the opportunity for the 
introduction of plants accidentally. Caravans of hundreds of horses, carts, 
yaks or camels passed back and forth over the great highways of Central 
Asia. The diary of a Taoist monk recorded that it took that 73-year-old 
man (Kiu Ch’ang-chung) and his 16 disciples 10 months to travel from 
Peking to northeastern Mongolia and thence westward to the Altai and Tien 
Shan mountains, and across the Pamir Plateau to reach Samarkand in 1222 
A.D. (Bretschneider, 1875, p. 15-56). On their return trip it took them 
only three months and ten days to reach Peking through southern Mongolia, 
the regular postal route. The military, diplomatic, commercial and religious 
intercourse with Persia, India and Arabia overland (Map 31), and through 
them with Europe and the Mediterranean world explain the presence of 
western Asiatic, Mediterranean and European elements in western and 
northern China. 

Meanwhile, China was a sea power in the Pacific and Indian oceans for 
eleven centuries. There were regular communications between the mother 
country and the overseas Chinese in Malaysia. The commercial centers in 
Indo-China, Siam, India, Ceylon, Persia, Arabia and the East Coast of 
Africa were frequently visited by Chinese fleets (Map 31). For example, in 
1405 A.D. a fleet of 62 ships and 27,800 men, under the command of Cheng 
Huo went on regular patrol duties. The expedition took two and a half 
years. During his lifetime Cheng Huo made seven such expeditions and 
reached as far as Arabia and East Africa. With the periodical return of the 
overseas Chinese from the Malaysian islands and important ports of trop- 
ical Asia, and with the expeditions of the Chinese fleets, many tropical plants 
were either accidentally or intentionally introduced to the coastal regions of 
China. For example, Chrysanthemum segetum was brought in from the 
Arabian world to China for its edible young shoot. Sphaeranthus africanus 
has been introduced to Hainan Island and Taiwan, and a very closely re- 
lated species, S. senegalensis, to Yunnan. 

Unawareness of the interchange of plants as associated with human activi- 
ties in the ancient historical times has created many unnecessary problems 
in plant taxonomy. Chrysanthemum segetum was brought in by a colony 
of Arabians who came to Canton about the fourth century. It has been 
adopted by the Cantonese as a vegetable and has spread with them to all 
warmer parts of China. Chinese plants in most herbaria have been named 
C. coronarium., Bailey in 1917 saw the plant in Chinese gardens and named 
it C. coronarium var. spatiosum in 1920. The same cultivar has been named 
by Loureiro as Buphthalmum oleraceum from Canton in 1790. Likewise, 
material of Sphaeranthus africanus from South China has been named S. 
cochinchinensis by Loureiro, S. suberiflorus by Hayata. 

This confusion is not limited to the nomenclature of species of Composi- 
tae. It is a common disorder in the taxonomy of many Chinese plants. 
Angraecum falcatum was published from a plant supposedly of Chinese 
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Map 31. The major trade routes ca. 100 A.D. and their bearing on the dis- 
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origin. In the last 170 years orchidologists have placed it in nine different 
genera and a long list of synonyms has been created on its account. In 
China it has only been collected from the vicinity of Ningpo in Chekiang, 
a center of Chinese Buddhism. There is no other Chinese orchid that is 
closely related to it. In the Ames Orchid Herbarium of Harvard University 
I found its nearest relative to be an African species, A. pusillum. Perhaps 
this isolated Chinese cultigen was one of the ancient introductions from 
Africa. 

The migration of plants accompanying the large body of human move- 
ment is always reciprocal. There were Chinese plants introduced and estab- 
lished in Africa long before Linnaeus’ time. Mvyrsine africana Linn. was 
originally described from Ethiopia. The wide distribution of the species in 
the interior of China and concentration of related species of the genus in 
eastern Asia indicate that the natural origin of M. africana is Chinese. 


VI. THE REFLECTION OF CHINESE COMPOSITAE ON THE 
ORIGIN AND ROUTES OF MIGRATION OF SOME 
MEMBERS OF THE FAMILY 


It is well known that China is one of the most unique phytogeographical 
regions of the world. Before the data on the Compositae of this important 
phytogeographical region were available, James Small had proposed a hypo- 
thetical scheme for the origin and development of the Compositae of the 
world. Although his scheme has been questioned and disproved by compe- 
tent monographers of special groups, such as Babcock and Stebbins, it has 
also been followed by synantherologists who work on the entire family of 
certain regions, like Kitamura. Now, what advancement can a better 
knowledge of the Chinese Compositae offer to the understanding of the 
origin of and routes of migration of some genera of Compositae? 

Small’s long article on the Origin and Development of the Compositae 
was published in thirteen issues of The New Phytolugist. His main thesis 
“is that Senecio was the first genus of the Compositae to come into existence 
and that it has directly or indirectly given rise to all the other genera of the 
family.” He considered “the origin of one definite kind of living organism 
from another definite kind of living organism as a normal, natural result 
of the actual diving of the parent organism in a particular region,” and, 
upon many suppositions, he derived Senecio from the Siphocampylus-Cen- 
tropogon group of Lobelioideae. As these genera are natives of tropical 
America, he proposed that Senecio and, in turn, Compositae originated in or 
about the Bolivian region of South America. He suggested further that 
from tropical South America the genus migrated along the Andes north- 
ward to Central America and then along the Cordilleran system tu Alaska, 
thence to the Old World. He maintained that throughout the world the 
path of migration of the genus is commonly along the mountain ranges, 
usually about 3000 ft. and frequently above 6000 ft. To illustrate his scheme 
of the development of the subdivisions of the family he made the large 
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number of species of Senecio to represent the substantial trunk and con- 
structed a family tree for the Compositae, employing this to show the evo- 
lution of the principal subdivisions through certain modern genera in time 
and space. 

Although Small’s article contains informative summaries of former works 
on Compositae and helpful observations which advance our understanding 
of the family, his conclusion on the origin and development of Compositae 
is unsupportable. It represents too much “mental effort,” in Small’s own 
words, and little truth. First, the origin of an inclusive family like the 
Compositae is not so traceable as to have a living parent, as Small put it. 
Recent researches in smaller categories of Compositae, for example Bab- 
cock’s Crepis, Keck’s Artemisia and Stebbins’ Dubyaea, Soroseris, etc., all 
indicate that present evidences are not sufficient even to trace the precise 
progenitors of a genus, a section or a subtribe of Compositae. No one can 
pretend to know the exact origin and development of the Compositae. Sec- 
ondly, Senecio is not a primitive genus in the Compositae. It is large, in- 
clusive and heterogenous. It is inevitable that such an artificial genus is 
polyphyletic. Thirdly, in constructing the family tree to show the evolution 
of the Compositae in time and space, a very important geobotanical region, 
central and eastern Asia, including China, was not included. This omission 
of a region which is vital in the origin, development and distribution of 
plants, animals, men and culture, naturally shifted the actual points of ori- 
gin of many genera or even tribes of Compositae to some assumed areas. 


1. ON THE ORIGIN OF COMPOSITAE 


The origin of Compositae is obscure and it may never be elucidated. 
There are many gaps in the fabric of the evolution of the angiosperms. The 
missing progenitor of the Compositae is but one of them. Paleobotanical 
evidences in the Cromerian Beds in England, in the Teglian and the Reu- 
verian Beds in central and southern Europe and in the Wilcox Beds in 
North America indicate that members of Compositae were widespread 
throughout the northern hemisphere in the Oligocene era. Fossil remains 
of achenes distinctly resemble those of modern species including Tussilago 
farfara, Lapsana communis, Picris hieracioides, Crepis fuscipappus, Cardu- 
us nutans, Cnicus palustris, Cirsium heterophyllum, and Eupatorium 
japonicum, indicating that members of the Senecioneae, Cichorieae, Cynar- 
eae and Astereae were common in the Old World in the Pliocene era. Evi- 
dence for a progenitor of Compositae is lacking, and the home of the origin 
of the family is obscure, as is that of the angiosperms. Large genera with 
hundreds or thousands of species, like Senecio and Aster are heterogenous. 
Their subgenera or sections may possibly represent taxa of entirely different 


origins. 


2. ON THE ASIATIC ORIGIN OF SOME WIDESPREAD GENERA 


Babcock’s classical treatment of the genus Crepis elucidated the origin 
and routes of migration of a complicated, widespread genus of Compositae. 
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His conclusions throw light upon our understanding of the origin and dis- 
tribution of many widespread genera which have distributional patterns 
similar to that of Crepis (e.g., Aster, Leontopodium, Artemisia, Chrysan- 
themum including Tanacetum, Senecio including Cacalia, Ligularia and 
Cremanthodium, Saussurea, Jurinea, Taraxacum and Lactuca). These gen- 
era were formerly regarded as of European or American origin. Additional 
evidence favors the suggestion that they are actually of Asiatic origin. As 
illustrated in TABLE V, China has the largest number of species in Asia in 
each of these genera. In China the Meridional Ranges appear to be the cen- 
ter of their species concentration. One may safely conclude that Merid- 
ional Ranges are the home of these large genera of Compositae. 


TABLE V. Widespread genera with an unusually large number of species in China 


Inpo-CuHiIna_ INDIA CHINA Japan Korea PAMIR SIBERIA 
Aster 1 14 137 35) 9 2 9 
Leontopodium il 1 Si/ 6 3 1 2 
Gnaphalium 5 i 20 3 4 0) 4 
Anaphalis 0 0) pil 5 1 0) 0 
Carpesium 2 2 18 10 5 0 0 
Artemisia 4 Di, 156 40 Bul 20 58 
Chrysanthemum 2 4 73 30 10 7 3 
Cacalia 0) 0) 60 25 7 0) 1 
Senecio 9 63 160 13 10 3 22 
Ligularia O 0 105 10 7 1 5 
Cremanthodium 0) 7 47 0 0 0 0 
Saussurea 3 39 270 53 31 7 25 
Jurinea 0) 5 18 0) 0) 1 4 
Ainsliaea 0) 4 47 10 3 0 0 
Taraxacum ) 2 57 37 2 2 2 
Lactuca 9 i, 57 6 4 1 Hi 
Crepis 6 14 ou 2 0 3 14 
Youngia 0 0 30 6 6 0 0) 


if 


In our discussion on the area richest in Compositae we have pointed out 
the climatic conditions and the floristic character of the Meridional Ranges. 
The distribution maps of the large genera of Compositae of China, (Maps 
3, 6, 11-15, 17-19, 21-23), all indicate that these genera actually agere- 
gate in this area. It is highly possible that the area richest in Compositae 
may also be the home of many of the large genera of Chinese Compositae. 
Geological, geographical, and floristic evidences seem to give support to 
this proposition. 

Geological evidences seem to favor the suggestion that the Meridional 
Ranges are the home of montane and alpine genera such as Leontopodium, 
Jurinea, Aster, Artemisia, Senecio, Ligularia, Cremanthodium, etc. This 
region is geologically much older than the surrounding area. ‘While the 
present Szechuan Basin and the Tibetan Plateau were still beneath the 
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Tethys Sea throughout the Cretaceous, rising land and mountains were 
already in existence in this region. Montane and alpine flora existed here 
before the Himalayan uplift in the late Eocene. Authorities on the flora of 
Tibet generally regarded the alpine elements of that region and the Hima- 
layas as being derived from that of this river-gorge region (Ward, 1935, 
p. 264). Here, localized glaciation may have occurred at higher elevations, 
but the lower valleys, especially those nearer to the equator, have never 
been touched by the Pleistocene glaciers. Thus the Meridional Ranges 
have become a haven as well as a producer of many modern genera of angio- 
sperms, including some Compositae. 

Geographical evidences justify the consideration that the Meridional 
Ranges are the home of some widespread genera which occur in all im- 
portant mountain ranges of the world. Map 35 represents a polar equal- 
area projection of the world with the continental land-masses developed 
radially from the north pole and the major mountain ranges plotted in 
black. It is worthy of note that the various continental masses are tied to- 
gether by more or less continuous chains of high mountains, with the center 
of the tie falling in central and southeastern Asia. This phenomenon is of 
profound significance in the understanding of widespread genera or species 
of plants and animals. It is of special interest to us in our consideration of 
the possible origin and routes of migration of genera of Compositae of 
Asiatic origin. First, among all the living species of animals and plants 
there is one cosmopolitan species the origin of which is somewhere in this 
core and which is known to have immigrated gradually from here to all 
the major land-masses of the world in prehistoric times, without the aid of 
a land-bridge or continental drift. This species is Homo sapiens. Secondly, 
the Meridional Ranges are also a portion of the same core of the world’s 
land-masses. It is highly possible that such montane and alpine genera as 
Senecio, Aster, Artemisia, Leontopodium, etc., have migrated throughout 
the world in the same direction as man did, but with better speed because 
of the moving forces contributed by wind, animals and, to some extent, by 
water, ice, landslides and other natural mechanisms of plant dispersal. 

Finally, floristic evidences testify to the antiquity and prove the original- 
ity of the present flora of the Meridional Ranges and stamp the region as 
the home of the genera which have their species concentration there. 
Paleobotanical evidences indicate that the early flowering plants which be- 
came predominant during the Cretaceous period were mostly woody plants 
with generalized distributions. It is generally accepted that they lived for 
millions of years under fairly moist and rather warm conditions. The 
herbaceous forms represent later developments which came about with the 
climatic and altitudinal changes. The mesophytic forests of the middle alti- 
tudes of the Meridional Ranges and the alpine flora of the region were de- 
veloped in accordance with these paleobotanical principles. The most strik- 
ing fact is that the alpine flora of this region is actually situated as if it were 
on an island surrounded by mesophytic forest. The majority of its com- 
ponents are found only as fossils in other parts of the world. The earliest 
known angiosperm is believed to be Homoxylon, known through a piece of 
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Map 35. Polar equal area projection of the world showing the continental 
land-masses tied together by more or less continuous chains of high mountains 


(dark), with the center of the core in central and southeastern Asia. (Base map 
Goode’s No. 201.) 
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fossil wood of Jurassic origin from the Rajmahal Hills of India (Sahni, 
1932, p. 4). In the mesophytic forest of the Meridional Ranges this primi- 
tive homoxylous structure reappears in Tetracentron sinense. In the same 
forest at different levels grow Sassafras, Liriodendron, Cercidiphyllum, 
Magnolia, Cinnamomum, Machilus, Ailanthus, Cedrela, Dipteronia, Aleur- 
ites, Mallotus, Liquidambar, Paliurus, Grewia, Actinidia, Mahonia, Dios- 
pyros and Zizyphus. All these are well-known fossil genera to botanists 
in other parts of the world. Together with numerous species of Acer, Pop- 
ulus, Salix, Viburnum, and species of Ericaceae, Menispermaceae and 
Coniferae, they form the mesophytic forest of the middle-high altitudes 
surrounding the alpine flora which is rich in Compositae. The antiquity 
and the originality of the flora of the Meridional Ranges is indisputable. 
This is true of the many Composite genera as well as of the general flora. 


3. ON THE MIGRATION OF COMPOSITAE 


The Compositae is one of the most ubiquitous families of the flowering 
plants. In the extent of areas covered this family is surpassed only by the 
Gramineae. Actually there are more genera and species in the Compositae 
than in the Gramineae, but unlike the latter, members of this family do not 
form continuous stretches and consequently they do not become so promi- 
nent in the vegetation of any area as do the Gramineae. General ubiquity 
is an expression of the possibility of wide dispersal of the disseminules of 
the members of the family. Ridley in his monumental work on the Dis- 
persal of Plants throughout the World has cited many species of Composi- 
tae as his examples of dispersals by the action of wind, the force of water 
or ice and by the transport of animals, including fish, reptiles, insects, birds, 
mammals and man. There is no need to repeat his findings here. Neverthe- 
less, there seems to be a necessity to supplement his summaries by pointing 
out how man’s movement over the earth has accelerated the natural proc- 
esses of plant dispersal, especially in connection with the migration of 
Compositae. 

In preparing the enumeration of the Compositae of China and in trying 
to apply the findings of the enumeration to the advancement of a better 
understanding of the vegetation of China, I have referred to hundreds of 
articles and books. Most of them are involved in the taxonomy of the 
family and its subordinate groups. Some of them are reports of botanical 
explorations and lists of local floras. Not a few of them are on phytogeo- 
graphical principles and the geography or geology of the country. This 
variety of literature gives me the impression that there is an evident lag on 
on the part of most taxonomists and many phytogeographers in giving due 
emphasis to the human effect on the distribution of plants. Although it is 
a well-known fact that man in five thousand years has altered the surface 
of the earth more than has Nature in five hundred million years, when 
phytogeographers attempt to explain the widespread or discontinuous gen- 
era they rather rely on hypotheses of land-bridges, continental drift, and 
nunataks, and pay no attention to what the prehistorical and historical 
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man might have done to bring about the present picture of natural distribu- 
tion. Their writings impress the reader with their belief that the world has 
been left to the operation of natural processes alone. They maintain that 
various floras have developed in situ and that they have not been disturbed 
until the arrival of the white man. They consider the plant specimens col- 
lected by the early European explorers, and described by post-Linnaean 
authors as indigenous to the particular area. They believe that those plants 
have been left there since the Tertiary time. Such a concept is incorrect. 

From the standpoint of the colonization of the world by the Europeans, 
there is an Old World and a New World, but from the standpoint of the in- 
habitation of the land surface by man, the major land-masses of the world 
are all old. With the exception of a few islands where active volcanoes ex- 
plode periodically, there is no land surface too young to have been inhabited 
by man. It is true that where the land-masses are connected, as in the case 
of Asia-Europe-Africa, man has traveled freely to and fro. It was not un- 
common for people like Abraham of Ur to wander on foot with large com- 
panies of herds and herdsmen from Iraq through Jordan to Cairo and then 
back to get settled in Israel. Nor was it strange for a monarch such as the 
Queen of Sheba to travel through the tropical heat from Ethiopia to Jeru- 
salem for a visit. In prehistorical and historical time man has traveled far 
and wide. Accompanying every human movement is the deliberate or acci- 
dental introduction of plants. To overcome the barrier created by large 
bodies of water prehistorical man made boats long before the invention of 
a written language. The Neolithic culture of the tribes inhabiting the 
Pacific Islands and of some of the Indians in the Americas seems to indi- 
cate that these land-masses have been occupied and their vegetation dis- 
turbed for from seven to ten thousand years. The migratory races and their 
domesticated animals carry plants far and wide. In Asia and Polynesia the 
origin of many of them is obscure. This type of introduction extends over 
a long period of time. The early stages are beyond elucidation. In regard 
to the distribution of Compositae, the achenes of fifteen modern species of 
the family have been unearthed with the Neolithic remains in Europe. This 
indicated that man has been associated with these species for a long time 
and it is inevitable that he became instrumental in their migration. 

There are some botanists who have an excellent range of knowledge of 
plants of certain areas, but who because of their prejudice against what 
they call “closet botanists” have made some hasty conclusions concerning 
the vegetation of isolated areas. Upon finding some colonies of plants 
which are closely related to a geographically remote ally, they concluded 
that the taxon is a relict species, implicitly ruling out the possibility that 
it was introduced (accidentally) by man and that what they have inter- 
preted as an ancient survivor may actually be a recent arrival. The area 
that appears undisturbed to a twentieth century botanist may have been 
visited many times by indigenous peoples and an isolated colony may be an 
accidental introduction. In exchanging experiences of exploration in China, 
an entomologist who had surveyed the Tsingling from an airplane, and 
caught some ants on one of the peaks, told me that the area appeared to be 
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uninhabitable, but my association with the hunters and medicine diggers 
and the collectors of wild edible plants leads me to a different conclusion. 
It is amazing how far-reaching is the influence of the village dwellers on 
the vegetation of the region, and how exact is their knowledge of where 
certain things grow. For the reward of a couple of sewing needles a woman 
had walked with me into the deep wilderness of a mountain of the Merid- 
ional Ranges to show me a special kind of bamboo. For a few pennies a 
fifteen-year-old medicine digger led me to an apparently virgin forest of 
Tsuga, Picea, Betula and Acer, to collect a species of Cimicifuga which 
yields certain medicine. What appears to a city dweller as vast wilderness 
is to tribal people like a playground is to school children. They seem to 
have visited everywhere, and know exactly where to find certain things. 
This is true with tribal people everywhere, in Africa and America as well 
as in Asia. Thus what appears to be relict species may be an accidental in- 
troduction of tribal people. 

It does not take long to change vegetation through man’s unintentional 
activities. Allan in 1940 in A Handbook of the Naturalized Flora of New 
Zealand reported that in less than two and a half centuries over 1000 species 
of alien plants have been recorded from that country. Many of them have 
firmly established themselves, and have even become dominant features in 
the vegetation of New Zealand. On the basis of 500 well-established aliens, 
Allan estimated that approximately 56% of them have entered the country 
in seed mixtures and been further spread by sowing. About 15% were intro- 
duced through adhesion to animals. Among the common aliens which have 
become abundant throughout that country are these Compositae: Arctium 
lappa, Cirsium arvense, C. vulgare, Chrysanthemum leucanthemum, Sen- 
ecio vulgaris, S. jacobaea, Hypochoeris radicata, Crepis capillaris, and 
Sonchus arvensis. If in 200 years man can unwittingly create ‘‘a new flora 
and a new vegetation” in a distant land, how much more could he have done 
in intermingling the flora of the land he has occupied for many thousands 
of years? The modern man has speed, whereas the prehistoric, ancient and 
medieval man had time. 

To illustrate man’s instrumentality both directly and indirectly in the 
distribution of some Composite genera, I redraw Babcock’s diagrammatic 
representation of the principal migration routes of Crepzs, and superimpose 
it upon a map of the ancient trade routes (Map 31). In so doing a striking 
correlation between the principal routes of migration of Crepzs and the 
major ancient highways is revealed. It is undeniable that the dispersal of 
Crepis is accelerated by man’s activities. As the species of Crepis are nor- 
mally of little or no economic importance to man, one may conclude that 
this distribution has been unintentional. It is very possible that the dis- 
persal has been effected through the attachment of the seeds to man and 
his animals. 

It is customarily accepted among botanists that the fruits of Xanthium, 
Arctium, Bidens, etc., which have specially modified mechanisms for ad- 
hesion, are dispersed through attachment to animals, and that the fruits of 
Taraxacum, Artemisia, Crepis, Senecio, etc., which are small and plumed, 
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are specially modified for wind dispersal. Small had demonstrated by a 
specially designed wind dispersal apparatus that a light breeze of 1.97 
m.p.h. is sufficient to carry the seed of Taraxacum to indefinite distances, 
and that a moderate breeze of 4.4 m.p.h. can transport the seed of Leonto- 
podium. Few people realize, however, that the seeds of many Compositae 
which have small size, light weight and achenial hairs can be transported 
more effectively through adhesion than by wind. When man and animal 
travel in nature, their feet and clothes or fur are usually wet because of 
dew, rain or wet ground. When the momentum of the walking feet or 
running animal knocks against the partially disintegrated ripe head of 
Saussurea, Senecio, Crepis, Taraxacum, Leontopodium, Artemisia, Lactuca, 
etc., hundreds of small, light, hairy achenes naturally adhere to the wet sur- 
face of the feet of man or to the body of an animal, and are thus carried 
away from the parent plant. The distance may be long or short. The Ger- 
man botanists have attributed the migration of a Chinese species, Lactuca 
tatarica, to Europe through its adherence to a Steppenkuhn, Syrrhaptes 
paradoxus (Hegi, 1928, p. 1133, fig. 809). This is a widespread species in 
China. As man is the only species that has spread over the land surfaces 
of the earth in an era when there is no known continental drift or land- 
bridge, his effect on the migration of small-seeded species with disjunct or 
widespread distribution, especially those with small, light seeds like the 
Compositae, should be given serious consideration. 


SUMMARY 


1. The Compositae is the largest family of flowering plants in China. 
It contains 167 genera and 2027 species. 

2. A large number of the genera are small. Thirty-two per cent of the 
167 genera have only one species each. Twenty-two per cent contain two 
or three species each. This is due to the presence of large numbers of en- 
demic genera in the interior and to the numerous introduced adventives in 
the border areas. 

3. The Composite flora of China is characterized by an unusually large 
number of endemic species in the genera Aster, Leontopodium, Anaphalis, 
Senecio, Ligularia, Cremanthodium, Cirsium, Saussurea, Jurinea, Ainsliaea, 
Taraxacum, Lactuca, Crepis, Youngia, Pertya and Ixeris. Like Dubyaea, 
Soroseris, Callistephus and other local endemics, these genera should be 
considered to be Chinese in origin. Although some of them occur in China’s 
neighboring countries, their numbers there are much smaller. 

4. The distribution of the Chinese Compositae is very uneven. Many 
of them concentrate at the river-gorge area-on the Yunnan-Szechuan- 
Sikang-Kansu borders, known also as the Meridional Ranges. The distribu- 
tion of many species forms an S-shaped range over these mountains and 
thence extends north-eastward or westward. 

5. About 48% of the Chinese Composite genera are extra-Chinese ele- 
ments. Species of these genera generally are concentrated in the bordering 
areas. The bordering provinces in adjacent Central Asia and Siberia, that 


1958] HU, STATISTICS OF COMPOSITAE IN CHINA 417 


is, Sinkiang, Mongolia, Heilungkiang and Tibet, have a considerable num- 
ber of central or western Asiatic, European or Mediterranean genera such 
as Echinops, Carduus, Achillea, etc. Their distributions seldom extend 
south to the Yangtze River. The Composite flora of the coastal provinces, 
namely, Kwangtung, Fukien, Taiwan and Hainan contains a considerable 
number of pantropic elements such as Blumea, Vernonia, Elephantopus, 
Sphaeranthus, Spilanthus, etc. The distribution of these genera seldom ex- 
tends north of the Yangtze River. 

6. The immigration and emigration of Composite genera in and out of 
China correlate fairly well with the ancient trade routes and modern water- 
ways. Evidently the distribution of many widespread genera as well as 
some localized adventives are associated with man’s activities. The more 
widespread genera have had longer periods of association with man and the 
localized adventives are recent arrivals. 

7. The origin of the Compositae is obscure. The Meridional Ranges of 
China constitute an area of origin of widespread large genera as well as of 
small narrow-endemic ones. Geologic, geographic and floristic evidence all 
favor this conclusion. 

8. The degree of endemism is relatively high in Chinese Compositae. 
About 30% of the genera are endemic. There is no regional limit of en- 
demism at the species level. The endemic genera are concentrated largely 
in the Meridional Ranges. 
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A NEW SPECIES OF PHALERIA (THYMELAEACEAE) 
FROM NEW GUINEA * 


Lity M. PERRY 


THE COLLECTIONS of the Fourth Archbold Expedition to New Guinea 
include two numbers of Phaleria with flowers having an unusually broad 
perianth-tube. I have searched both herbaria and literature but up to now 
have found nothing to match it. For a long time it has been a recognized 
fact that the species of this thymelaeaceous genus are difficult to separate. 
Mr. C. T. White (1919) drew up a key to the species of Queensland, based 
on the position of the flower-heads, the pubescence (or the lack of it) on 
the outside of the perianth-tube, the relative length of the latter, and the 
relative length of the leaves. Dr. A. C. Smith (1942) presented a key to 
the Fijian species with the following introductory paragraph: “The Fijian 
species are difficult to separate; one finds that such characters as leaf-tex- 
ture, shape, and size, position of inflorescence, length of peduncle, size and 
internal pubescence of perianth, shape of faucial scales, length of filaments, 
and pubescence of ovary are variable within a species and not very depend- 
able. The only specific characters which are more or less constant appear 
to be the 4- or 5-merous condition of the flower, the external pubescence of 
the perianth (in one species), the degree of persistence of the floral bracts 
and their size, and, in some cases, the length of petioles.” 

I was unable to find a key to the Malaysian species of the genus, and 
perhaps a look at the synonymy given in critical works such as those of 
Valeton (1913) and Hallier f. (1922) might suggest a reason. To draw up 
a workable key, it would be necessary not only to make a complete study 
of the material designated by the various epithets but also supplementary 
collections from the type-localities with both flowers and fruits. This is not 
feasible at present. However, the two collections under consideration have 
flowers with perianth-tubes so much more broadly infundibular than any 
which I have seen, or found indicated in the literature, that I believe this 
difference to be of specific importance. Perhaps among the species described 
from Malaysia, the fruits are nearest in size to those of P. macrocarpa 
(Scheff.) Boerl., a species apparently not included in Hallier’s list of 
Malayan representatives with critical synonymy, and, other than the orig- 
inal publication as Drymispermum (1876) and the nomenclatural trans- 
fer to Phaleria (1900), I have not found it mentioned in the literature. To 
facilitate the comparison of P. macrocarpa with the two Brass collections, 
I am indebted to Mr. J. Leandri, Muséum National d’Histoire Naturelle, 
Paris, for negatives of the type and three duplicates which he has on loan 
from the Bogor Herbarium. Of these, two are reproduced in the plate ac- 


* Botanical Results of the Richard Archbold Expeditions. 


1958] PERRY, NEW SPECIES OF PHALERIA 421 


AEE SURORIEM ARIA CIN 
sane ed DPPC. 
Biba Ig Bier 


< ier 


Lbs D poomn LY Bay 


tua 


Aspens ARUOHETEM | 


Fics. a, b. Type and duplicate of Phaleria macrocarpa (Scheff.) Boerl. (coll. 
Teysmann, near Doré, New Guinea). Fic. c. Type of P. elegans L. M. Perry. 
Fic. d. Paratype of P. elegans. 
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companying this note: the type, (fig. 2) bearing Teysmann’s field label and 
another label with the name Drymispermum macrocarpum Scheff. in 
Scheffer’s handwriting, consists of separate leaves and fruits (young, fide 
Mr. Leandri) ; the other (fig. &) shows the tip of a branchlet with the leaves 
attached and axes of inflorescences in the lower axils. Mr. Leandri af- 
firmed that Scheffer’s “pedicels” are actually very short peduncles, each 
bearing many fruit-scars. The reproductions of the two Brass collections 
(figs. c, d) include flower-buds, flowers and fruit. Of the three flowers at- 
tached to the sheet, the uppermost is laid open to show the inside of the 
flower; the leaves are elongately narrowed toward both base and apex, 
whereas those of Scheffer’s species are obtuse with an abrupt acumen, and 
with obviously shorter petioles. The similarity in the shape of the fruits 
is probably a sectional rather than a specific character. 


Phaleria elegans sp. nov. 


Frutex arborescens 2—3 m. altus, sparsim ramosus; foliis magnis 18-30 
cm. longis, 5.5—-9 cm. latis, lanceolatis vel oblanceolatis, utrinque angus- 
tatis, apice acutis vel breviter acuminatis, basi cuneatis, glabris, crasse 
membranaceis vel subcoriaceis, nervis lateralibus utrinsecus 8-12 patent- 
ibus ante marginem arcuatis, venis costalibus pluribus, reticulo laxo, petiolo 
1.3-1.7 cm. longo in sicco nigrescente; inflorescentiis terminalibus et axil- 
laribus subsessilibus vel breviter pedunculatis, pedunculo 5—9 mm. longo 
(in fructu), apice bracteis circiter 8 instructo, interioribus majoribus ovatis 
vel oblongis acutis vel obtusis 2-3 cm. longis 6-14 flores involucrantibus; 
floribus sessilibus extus puberulis; perianthio (post compresso sicco) late 
infundibulari 3.8-4.2 cm. longo, ima basi 3-4 mm. juxta medium ca. 1 cm. 
sub lobis 1.3 cm. lato, tubo 2.9-3.3 cm. longo, intus infra medium puberulo 
superne fere glabro, lobis 5, ca. 8-9 mm. longis rotundatis intus praecipue 
prope marginem puberulis; staminibus 10, filamentis perianthii lobis sub- 
aequantibus; disco cupulari ca. 2 mm. alto crenulato; stylo filamentis 
breviore; ovario glabro biloculari, loculo uniovulate; fructibus in sicco late 
fusiformibus, 2.7-3.3 XX 1.6-1.9  1.3-1.4 cm., utrinque acuminatis, 
spermis duobus. 


Papua. GOODENOUGH ISLAND: sparsely branched tree 2 m. tall, flowers white, 
fruit in dense clusters, undergrowth of an oak forest, east slopes, alt. 1750 m., 
Oct. 1953, Brass 24484 (a, type; LAE); tall shrub, sparsely branched, up to 3 
m. high, leaves somewhat fleshy, petioles red, flowers and bracts cream-colored, 


occasional in forest gullies, east slopes, alt. 1600 m., Oct. 1953, Brass 24883 (A, 
LAE). 


The characters of this species might be indicated as follows: lanceolate 
or oblanceolate leaves elongately narrowed at both apex and base; flower- 
cluster terminal or axillary; large ovate cream-colored bracts surrounding 
the flower-cluster about to open, but missing on the cluster of fairly large 
but unripe fruits; the broadly infundibular perianth pubescent outside, 
with only very narrow scales in the throat. 
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A TAXONOMIC REVISION OF PODOCARPUS, XI 
THE SOUTH PACIFIC SPECIES OF SECTION PODOCARPUS, 
SUBSECTION B 


NetTA E. Gray * 


THE SPECIES OF PopocarPus in subsection B (2) of section Podocarpus 
(Eupodocarpus of previous papers in this series) are trees and shrubs of 
southeastern Asia, Australia, and the islands of the western Pacific Ocean, 
the area covering almost 100° in longitude and 80° in latitude. At present 
there are twenty-nine species in this group, and in some varieties have been 
recognized. This subsection is about as large as subsection C (2) of South 
and Central America. The extent of the southerly range is about the same 
as subsection C but native specimens of subsection B are found about 10° 
farther north than are those of the former. Of the twenty-nine species, 
only three (Podocarpus neriifolius, P. glaucus, and P. polystachyus) have 
been found both north and south of the Equator. Podocarpus neriifolius is 
found, usually in mountainous regions, throughout the entire area except 
Australia; P. polystachyus occurs at lower altitudes and in the coastal re- 
gions of both large and small islands and also in the Malay Peninsula of 
Asia; P. glaucus is of very limited distribution in the mountains of the 
Philippine Islands and New Guinea. 

The observations on leaf anatomy included here were made from trans- 
verse sections taken from near or below the middle of the leaf. Sections 
from other parts of the leaf were also made but it was not found that these 
added pertinent information. Observations were most easily made from un- 
stained sections dehydrated in glycerine; for permanence some sections 
were mounted in glycerine jelly. Both the upper and the lower epidermis 
were examined in flat mounts stained with safranin O in examples of all 
species. 

As in all other subsections of sect. Podocarpus, the leaves are hyposto- 
matic and have a single vascular bundle flanked by winglike areas of trans- 
fusion tissue. There is always at least one resin canal below the phloem; 
in all species of this section except Podocarpus drouynianus and P. spinu- 
losus there are three. In several species a pair of resin canals has also been 
observed below the vascular bundle near, or even imbedded in, the transfu- 
sion tissue (P. ridleyi [Fig. 1], P. deflexus, usually in P. salomoniensis, 
rarely in P. elatus, P. nertifolius and P. archboldii var. crassiramosus). 
These additional vascular resin canals have not previously been described 
for this subsection of Podocarpus. 


* The author wishes to express her appreciation to Prof. M. Y. Orr of the Edinburgh 
Botanical Garden and to Dr. Rudolph Florin of Stockholm for fragments of critical 
specimens. She is also grateful for a research grant from the Georgia Academy of 
Science. 
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The well-developed accessory transfusion tissue (Fig. 1) extends from 
the transfusion tissue proper to the margins of the leaf, between the layers 
of mesophyll. The full extent of lignification is observed only in the most 
mature leaves, but the horizontal orientation of the elongated cells of this 
tissue may be seen in leaves which are still quite young. 

A layer of hypodermis of variable pattern is found between the meso- 
phyll and the epidermis of the leaves. In many species this pattern is con- 
sistent and can be used as a reliable taxonomic character. The upper hypo- 
dermis is a continuous layer from the midrib to the margin only in Podo- 
carpus elatus (Fig. 3), P. philippinensis, P. novae-caledoniae, P. gibbsii 
(Fig. 2), P. koordersii, and P. ridleyi (Fig. 1). The use of this diagnostic 
character was strikingly successful in the identification of a large number 
of cultivated specimens of P. elatus from many parts of the world. In P. 
novae-caledoniae the hypodermis is rarely interrupted. In all the others, it 
is interrupted between the margin and the midrib, sometimes being repre- 
sented by only a few fibers. In some cases, the diameter of the fibers can 
be relied on for specific determinations; for example, they are always large 
(SOu or more) in P. polystachyus (Fig. 4) and always small (20yp or less) in 
P. macrophyllus (Fig. 5). Lower hypodermal fibers are not found between 
the stomatal rows in most species. They have been found consistently in 
P. novae-caledoniae, P. philippinensis, P. ridleyi, P. elatus, P. drowynianus, 
P. spinulosus, P. archboldu var. crassiramosus, P. dispermus, P. ledermannii 
from New Guinea, P. sylvestris, and P. affinis. They were found occasion- 
ally in P. rumphii, P. neriifolius, P. idenburgensis, P. polystachyus var. 
rigidus, P. pilgeri and P. archboldii; in some of these species, only a few 
specimens showed these fibers, while in others only a few fibers were found 
in most of the specimens. 

The presence or absence of auxiliary sclereids in the mesophyll was rarely 
found to be consistent enough for use as a distinguishing character. How- 
ever, they were always absent in Podocarpus philippinensis, P. glaucus, P. 
brassii, P. drouynianus, P. spinulosus, P. idenburgensis, P. dispermus, P. 
macrophyllus vars. maki (Fig. 5) and chingi, P. nerifolius vars. atjehensis, 
degeneri, and polyanthus, P. forrestu, P. thevetufolius, P. costalis, P. pil- 
geri in the Philippines, and P. nakaii. They were present in only one speci- 
men of P. elatus, two specimens each of P. rumphii and P. archboldii, and 
several specimens of P. neriifolius. 

The presence of vascular fibers or sclereids either below or above the 
bundle was not consistent enough to be diagnostic. 

The combination of characters consistent for this subsection as observed 
in transverse sections of the leaves is: (1) no marginal resin canals (as 
found in subsection A); (2) no resin canals above the vascular bundle (as 
found in subsection F); (3) organized accessory transfusion tissue (absent 
in subsection D); (4) three resin canals below the vascular bundle (with 
the exception of P. drowynianus and P. spinulosus; not found in subsections 
Cand D). Subsections B and F are the only subsections of sect. Podocarpus 
with a pair of small, subulate bracts beneath the receptacle which bears 


the ovule. 


FicuRES 1-5. TRANSVERSE SECTIONS OF LEAVES OF Popocarpus. Fic. 1. P. 
ridleyi (Wasscher) Gray [Eyma 4911], showing relative thickness of cuticle 
(C), continuous upper hypodermal layer (UH) and extent of lower hypodermal 
fibers (LH), location of vascular resin canals (RC) with two lateral canals em- 
bedded in the transfusion tissues (TT), accessory transfusion tissue (ATT), and 
auxiliary sclereids (AS) in the mesophyll. Fic. 2. P. gibbsii Gray [Clemens 
32021], with upper hypoderm of alternating thick- and thin-walled fibers and 
auxiliary sclereids only below the accessory transfusion tissue. Fic. 3. P. elatus 
R. Br. [Laseron 435], showing upper hypoderm continuous and auxiliary sclereids 
lacking. Fic. 4. P. polystachyus R. Br. [G. L. Smith s.n.], with scattered large 
upper hypodermal fibers. Fic. 5. P. macrophyllus var. maki Endlicher, illustrat- 


ing thickness of leaf and small, scattered upper hypodermal fibers. All figures 
ca. X 20. 
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Within subsection B, anatomical characters of the leaves alone are not 
sufficient to determine the species. Nor have leaf-size and -shape, terminal 
bud shape, buds or cones of male strobili, length of peduncle, or size and 
shape of seed, proved to be reliable when used individually. Combinations 
of some or all of these characters are needed to differentiate the various 
species. Because so many of the specimens encountered are sterile, vege- 
tative characters have been used insofar as possible in the preparation of 
the following key. 


Key To Sect. Popocarpus (SoutH Paciric Species), SUBSECTION B 


A. Leaves with continuous upper hypoderm (Figs. 1, 2, 3). 
Be Leaves) xarclysoverss cma long: Borneo, 9) .4544.4.4... 1. P. gibbsiz. 
BB. Leaves over 5 cm. long. 
C. Leaves not more than 5 mm. wide, the midrib flat or concave above; 
NewaiCaledoniay 1.50 se eres enna, arty, 2. P. novae-caledoniae. 
CC. Leaves over 5 mm. wide, the midrib prominent above. 
D. Leaves without lower hypodermal fibers between the stomatal 


LOWSiy ava) ele Celebesem saa eee ee 3. P. koordersit. 

DD. Leaves with lower hypodermal fibers between the stomatal rows 
@igsyi3): 

E. Leaves 13-23 cm. long; terminal buds globose; Philippine 

isla GS aeons nee 4. P. philippinensis. 


EE. Leaves usually less than 15 cm. long; terminal buds ovate. 
F. Apex of leaves usually long-acute or -acuminate; leaves 
with 3-5 vascular resin canals, upper hypodermal fibers 
large; Malay Peninsula & Borneo........... 5. P. ridley. 
FF. Apex of leaves obtuse, often mucronate; leaves with 1-3 
vascular resin canals, hypodermal fibers not over 22 yw in 
diametersAUstraligs wees. cee. ease. Oe 6. P. elatus. 
AA. Leaves with interrupted upper hypoderm (/’igs. 4, 5). 
G. Leaves not over 6.5 mm. broad. 
H. Leaves not over 2.5 cm. long, rarely over 5 mm. wide. 
I. Terminal buds large, globose; pollen cones thick; New Guinea, 


AD Overs OOO RI i wake C4. Sear es Ae. cdma Peter 7s PB Orassi. 
II. Terminal buds small; leaves glaucous when young; pollen cones 
slender; Mindoro & New Guinea. .............. 8. P. glaucus. 


HH. Leaves over 2.5 cm. long. 

J. Leaves not over 5.5 cm. long, erect and adpressed to twig; 
Philippines; Borneo, (Chinas)... Porte. 20s: 9. P. brevifolius. 

JJ. Leaves usually over 5.5 cm. long. 
K. Leaves pungent; seed strongly beaked; southeastern Australia. 
Be Nd Sas A OE Dia eee OE ET Ce a 10. P. spinulosus. 

KK. Leaves rarely pungent; seed with rounded apex. 

L. Leaves 5-12 cm. long, sessile, grasslike, with 1 vascular 
resin canal; western Australia. ..... 11. P. drouynianus. 
LL. Leaves 6-9 cm. long, petiolate, with 3 vascular resin 
CanalseiNewaGaledonidem wien een. a. ee 
2a. P. novae-caledoniae var. colliculatus. 
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GG. Leaves (at least some of them) over 6.5 mm. broad. 
M. Leaves with lower hypodermal fibers between the stomatal rows. 
N. Leaves mostly less than 10 cm. long. 
O. Leaves less thane5.2: cm slong), Fiji .g. 12. P. affinis. 
OO. Leaves usually over 5.2 cm. long. 
P. Midrib of leaves channelled below; Borneo. ........... 
Si TR ote 28a. P. polystachyus var. rigidus. 
PP. Midrib of leaves not channelled below. 
Q. Twigs very stout; leaves with acute or acuminate tips; 
New Guinea. .. 20a. P. archboldii var. crassiramosus. 
QQ. Twigs slender; leaves with rounded obtuse apex; New 
Caledoniaeenege. ae eer 13. P. sylvestris. 
NN. Leaves over 8 cm. long. 
R. Leaves 9-15 mm. wide; New Guinea. . 14. P. idenburgensis. 
RR. Leaves 17-30 mm. wide. 
S. Seeds solitary, 8 mm. long; New Guinea. ............ 
ac ee Manette MM cee Be 15. P. ledermannit. 
SS. Seeds usually in pairs, 2.5 cm. long; Australia. ......... 
RIT ck ple MERE AIM eh oS Shain 16. P. dispermus. 
MM. Leaves mostly without lower hypodermal fibers between the stomatal 
rows. 
T. Leaves with auxiliary sclereids. 
U. Leaves narrow, 6.5—9 mm. wide; Solomon Islands. ........ 
atc RAMOS 2 te Treat il, Pe ke  O 17. P. salomoniensis. 
UU. Leaves wider, over 9 mm. 
V. Leaves strongly deflexed, with 5 vascular resin canals; 


NWalay-Peninsulaes, fee .aneee le eee eee 18. P. deflexus. 
VV. Leaves not deflexed, with 3 vascular resin canals; Annam, 
Indochina witainanwes 4 sa eae 19. P. annamiensis. 


TT. Leaves usually without auxiliary sclereids. 
W. Leaves for the most part deflexed; Sumatra. ............ 
et, ee eee ee een 27a. P. neriifolius var. atjehensis. 
WW. Leaves erect, spreading or divaricate. 
X. Terminal buds globose or ovate, obtuse. 
Y. Margins of leaves revolute; New Guinea. ........ 
sheet eek te aoe ee Lae” We eePZ0 MP earcibolarn: 
YY. Margins of leaves not revolute. 
Z. Leaves 8-11 mm. broad; Formosa. . 21. P. nakait. 
ZZ. Leaves mostly more than 10 mm. broad. 
a. Leaves with parallel margins, the apex usually 
short-angustate; Borneo, New Guinea, etc. ... 
Ri Nake: ROR: Sa ee ee 22. P. rumphii. 
aa. Leaves lanceolate, the apex caudate-acuminate; 
Sumatras eters Ot eee eee et Oe Ree 
By eae, 27d. P. neriifolius var. teysmannii. 
XX. Terminal buds ovate, conical, acute. 
b. Upper midrib of leaf broadly prominent or flat. 
c. Peduncles of female cones 2 mm. long; Philippines, 
OrnvOSaisnOrescaee Saint ek D3). EP eCOStALS: 
cc. Peduncles of female cones over 2 mm. long. 
d. Upper hypoderm of large fibers; New Guinea. 
Sc A ec eR eeeda 24. P. thevetiifolius. 
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dd. Upper hypoderm of small fibers; China. .... 
Oe, oe ant ene ep ae RE, ae Dona OTreEstty. 
bb. Upper midrib of leaf narrowly prominent. 
e. Male cones usually solitary. 

f. Leaves usually less than 8 cm. long, apex usually 
obtuse, apiculate; Philippine to Solomon Is- 
landsigystte: Ble. Beye Area OA tone 26. P. pilgert. 

ff. Leaves usually 8 cm. long or more, the apex usu- 
ally acute to acuminate; entire area except Aus- 
tralian ane or emo han 27. P. nerifolius. 
g. Leaves usually less than 10 mm. wide; Fiji. 

Sa ar 27b. P. neriifolius var. degeneri. 
gg. Leaves usually over 10 mm. wide; female 
cones numerous all over youngest growth; 
Sumatrasc INew Guinean) salsa ares 
A Ede 27c. P. nerufolius var. polyanthus. 

ee. Male cones usually clustered. 

h. Leaf with upper hypoderm of very large fibers; 
Philippines to Bangka. .... 28. P. polystachyus. 

hh. Leaf with upper hypoderm of small fibers. 
i. Leaves 9-11 mm. broad; China & Japan. ... 
Ly SL RIO Betas i 29. P. macrophyllus. 
il. Leaves less than 9 mm. broad. 
j. Leaves more than 4.5 mm. broad. 

k. Leaves 5.5-12 cm. long & 5.5-8 mm. 
broad; China, Japan & Burma. ...... 
29a. P. macrophyllus var. angustifolius. 

kk. Leaves 3.5-7 cm. long X 4.5-8 mm. 
wide; China, Japan, Formosa & Burma. 
al Se 29c. P. macrophyllus var. maki. 

jj. Leaves less than 4.5 mm. broad; China. . . 
29b. P. macrophyllus var. chingit. 


1. Podocarpus gibbsii, sp. nov. 

Arbor 10-20 m. alta, ad 20 cm. diametro; ramulis erectis; alabastris per- 
minutis ovatis, 1.5 mm. diametro, squamis paucibus exterioribus lanceo- 
latis, carinatis, rectis, ad 6 mm. longis, apiculatis longi-acuminatis, ali- 
quando foliaceis; foliis 1.3—2.1 cm. longis, 4-6 mm. latis, spathulatis, inter- 
dum ellipticis vel lanceolatis, coriaceis, planis, apice obtusis vel acutis, basi 
in petiolum brevem crassum angustatis; costa supra manifesta, subtus plana 
et inconspicue; strobilis masculis axillaribus, sessilibus, solitariis vel duobus, 
squamis exterioribus confertim imbricatis, deltoideis, apice longe acumi- 
natis; strobilis femineis et seminibus ignotis. 


DISTRIBUTION: Edges of low jungle, 1600-2300 m. altitude, Mt. Kina- 
balu, British North Borneo. 


British North Borneo. Marai Parai, near camp, Clemens 32021 (TYPE, A; +BM, 


+ This symbol preceding the abbreviation of an herbarium signifies that the details 
of the leaves of this specimen have been examined in transverse section. 
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+ny, tuc);* Marai Parai spur, Gibbs 4092 (tsm); Colombon Basin, Clemens 
40001 (aA, +Nny, tuc). 


This small tree of apparently very limited range may be described in 
somewhat further detail. The inner scales of the very small vegetative 
terminal buds are thinner than the outer ones and have merely acuminate 
tips. The extreme margins of the short, spatulate leaves are slightly re- 
curved and the sharply prominent midrib above becomes flat toward the 
apex. Juvenile leaves may be up to 5.2 cm. long and 9 mm. wide. Trans- 
verse sections of the leaves (Fig. 2) show three vascular resin canals, 
upper hypoderm in a continuous single layer except at the margin and 
midrib (some fibers with large lumen), lower hypodermal fibers absent 
between stomatal rows, vascular sclereids abundant above and rare below 
the bundle, the single layer of palisade mesophyll composed of large cells 
often almost as broad as long, mesophyll cell walls, expecially the lower, 
lignified but not pitted and thickened as much as is usual for most aux- 
iliary sclereids. 

Podocarpus gibbsii differs from the other species in having continuous 
upper hypoderm in its very short, broad, spatulate leaves. The two Clemens 
specimens were used by Wasscher (11) for his discription of Podocarpus 
glaucus but these differ from Foxworthy’s description of that species in 
that the young foliage is not glaucous and, in addition, the leaves have a 
continuous upper hypoderm. Only Clemens 40001 is fertile, bearing male 
cone buds and immature cones. I do not understand the description “tiny 
yellow pistils” written on the label of this specimen, for the species is 
dioecious and I cannot find any structures to which the note might apply. 
The upper hypodermal fibers in the leaves of the Clemens specimens show 
clearly the alternation of groups of fibers with open and closed lumina. 
This was erroneously described by Orr (9) for Podocarpus glaucus. Orr 
did not observe the lignification of cell walls in the mesophyll, particularly 
the lower, where an almost continuous layer is formed. This is very 
apparent in cleared and stained whole mounts of leaves. Gibbs 4092 has 
more scattered, larger, acute-tipped leaves which are a normal juvenile 
variation in most podocarps. 

This species is named in honor of Dr. L. S. Gibbs, who first collected 
it on Mt. Kinabalu. 


* The following symbols indicate the location of the specimens cited: Academy of 
Natural Sciences of Philadelphia (pH); Arnold Arboretum (a); Bernice P. Bishop 
Museum, Honolulu (sis) ; Brisbane Herbarium of Agriculture (sri) ; British Museum 
of Natural History (pm); Brussels Botanical Garden (Br); University of California 
at Berkeley (uc) and at Los Angeles (ucta); California Academy of Science (CAS) ; 
Chicago Natural History Museum (Field Museum) (F); Cornell University (cv) ; 
Dudley Herbarium at Stanford (ps); Edinburgh Royal Botanic Garden (£); Gray 
Herbarium (cH) ; University of Illinois Herbarium (111) ; Royal Botanic Gardens, Kew 
(K) ; McGill College Herbarium, Montreal (mrmc) ; Missouri Botanical Garden (mo) ; 
Department of Forests of New Guinea and Papua (LAr); New Jersey College for 
Women (Rutgers) (rut); New York Botanical Garden (Ny); Paris Muséum National 
d'Histoire Naturelle (Pp); Pennsylvania University Herbarium (PENN); United States 
National Herbarium (us); Victoria National Herbarium, Melbourne (met). 
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Stapf, when determining and describing the specimens for Gibbs (6), 
described but did not identify two specimens of Podocarpus (Gibbs 4089, 
4092). Gibbs 4092 (Bm), which I examined, resembles Stapf’s description 
of Gibbs 4089. Either the numbers were reversed in attaching the labels 
to the specimens or Stapf reversed the descriptions. Stapf’s description of 
Gibbs 4092, “a very striking species with fairly crowded leaves, oblong- 
linear, obtuse or sub-obtuse at the apex, attenuated at the base, 1.5—2 cm. 
long, 3.5—4.5 mm. broad, with the margins recurved, the midrib raised 
above and rather broad and flat beneath,” shows that this plant is like 
the two Clemens specimens and is, therefore, Podocarpus gibbsii, the new 
species. The other specimen, Gibbs 4089, is said to have “leaves, in shape 
and size, intermediate between those of P. brevifolius and P. polystachyus 
but thinner and much more loosely arranged than either.” This is like the 
British Museum’s specimen of Gibbs 4092 and, therefore, is probably also 
P. gibbsui. Wasscher (11, p. 471) lists these specimens under doubtful 
species. His suggestions that Gibbs 4089 is P. pilgeri and Gibbs 4092 
is P. glaucus are untenable. 


2. Podocarpus novae-caledoniae Vieillard ex Brongn. & Gris, Bull. 
Soc. Bot. France 13: 425. 1866; Parlatore, DC. Prodr. 16: 513. 1868; 
Pilger, Pflanzenreich IV. 5(Heft 18): 76. 1903, Nat. Pflanzenfam. 
ed. 2. 13: 248. 1926; Compton, Jour. Linn. Soc. Bot. 45: 425. 1922; 
Dallimore & Jackson, Handb. Conif. 53. 1923, 1931, 78. 1948; Florin, 
Svenska Vet.-Akad. Handl. III. 10: 279. 1931. 


P. ensifolia Carriére, Traité Conif. ed. 2. 655. 1867 (mon R. Br.). 


A shrub (seldom a small tree up to 3 m. high) with erect crowded 
branches. Terminal buds ovate, 2-3 mm., the long triangular scales with 
acuminate apex. Leaves linear, crowded, more or less erect, leathery, 
4-9 cm. long, 3-5 mm. broad, the apex short-acuminate or rarely long- 
attenuate and sometimes pungent, gradually narrowing at the base to a 
short obscure petiole; margins blunt with sharply recurved edges but not 
revolute; midrib shallowly concave or flat above. Transverse sections of 
the leaves with three vascular resin canals (rarely only one); upper 
hypoderm usually in a single continuous layer except at the margin and 
midrib where it is doubled, lower hypodermal fibers not abundant be- 
tween stomatal rows, fibers averaging 20-30 » in diameter; vascular fibers 
few above but numerous between the vascular bundle and central resin 
canal; auxiliary sclereids in the mesophyll so abundant as to form a dis- 
tinct layer between the palisade mesophyll and accessory transfusion tis- 
sue; cuticle thick. Male cones axillary, in pairs, sessile, surrounded at the 
base by stiff obtuse scales. Microsporophylls densely imbricate, each with 
a short rotundate apiculus. Female cones axillary and solitary on peduncles 
7-10 mm. long, the fleshy receptacle subtended by two minute scales and 
bearing 1-2 ovules. Seeds ellipsoid, shiny, 7-8 mm. long, 4 mm. wide. 


DISTRIBUTION: Stream banks, at low altitudes, New Caledonia. 
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New Caledonia. River Dumbea, Vieillard 1266 (IsoTYPE, A, BM, GH, K, P), 
Compton 402, 419 (pm), Buchholz 1133, 1137, 1139, 1255, 1477 (iLL), 1759 
(+1LL), Franc 96 (BM, NY, UC), Anon. s.n. (BM), Pancher (Pp), Balansa 189 (P), 
Godefroy 552 (Pp), LeRat 603, 1587 (Pe); Rio des Pirogues, White 2231 (a-2 
sheets, BRI, DS, K, P, UC-2 sheets, us), Buchholz 1340 (1LL); Riviére Camboui, 
Compton 2017, 2169 (pm); Couvélée, Franc 2408 (a-2 sheets, BRI, +F, K, NY, P, 
uc, us); Table Unio, Lecard s.n. (BM, P), Lecard 92 (Pp); Port Bouquet, Balansa 
704 (Ny), 2504 (K, P); Bourail, Pennel sn. (Pp); Mt. Mou, Franc 107 (x), 
Glandoger in 1906 (+mo); Mt. Dore, Vieillard & Pancher 396 (Pp); Mt. Koghi, 
LeRat 2372 (pe); Rive gauche de la Toutouta, Virot 369 (A); Prony, Franc 94A 
(sm), 96A (BM, K-2 sheets, us), 5.2. (BM), Franc in 1913 (A~-7 sheets, F, GH, 
NY, UC-2 sheets), MacDaniels 2540 (+cu), Juillet 96 (RI, Us). Locality un- 
known: Pancher ex Hennecart in 1879 (K, Ny), Pancher in 1870 (+BR, K-2 
sheets, tucLA), Franc 90 (tuc), Baudouin 635 (P). 


Podocarpus novae-caledoniae is a low, rounded shrub rarely forming a 
small tree when growing in a thicket with other vegetation. The young 
leaves are glaucous, becoming dark green when older (3). According to 
Buchholz (ms.), there seem to be differences in the thickness of the leaves, 
as specimens found in Plaine des Lacs and near Prony have leaves more 
coriaceous than those found in the Dumbea valley. This is not apparent 
in transverse sections of the leaves. Compton (3) described the fleshy 
receptacle as becoming bright scarlet or purple, soft, translucent, and 
sweet to the taste, whereas Buchholz (ms.) says that it turns yellow or 
brick red. These variations may merely be due to different stages of 
maturity of the fruit. 

Orr (9) examined the leaf anatomy of Podocarpus novae-caledoniae and 
described most of the above characters. He does not seem to have ob- 
served the lower hypodermal fibers between the stomatal rows since he 
did not include this species in his list of those showing this character. 


2a. Podocarpus novae-caledoniae var. colliculatus, var. nov. 


Frutex vel arbuscula, 1 m. alta; foliis coriaceis, linearibus, saepe falcatis, 
6-9 cm. longis, 5—6.5 mm. latis, apice coarctis acutis vel rare acuminatis, 
basi in petiolum 1-4 mm. longum sensim angustatis; strobilis masculis 
alabastris immaturis, globosis, cum squamis brevibus adpressis; strobilis 
femineis seminibusque ignotis. 


Distr1BUTION: Isle of Pines, New Caledonia, at 80 m. altitude, and 
possibly on New Caledonia itself. 


New Caledonia. Germain in 1874-76 (+P). IsLE oF PinEs: Pic N’Ga, Virot 
1053 (Type, ILL; NOUMEA). 


The description of Podocarpus novae-caledoniae var. colliculatus was 
prepared only from Virot 1053. I am in doubt as to whether the Germain 
specimen really came from New Caledonia. The terminal buds of the 
twigs of this variety have short, thin, appressed scales very similar to those 
of the species. The midrib of the leaf is flat or broadly rounded above and 
broadly prominent or ridged below. Transverse sections of the leaves of 
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both collections cited above are very similar. These show three vascular 
resin canals, an interrupted upper hypoderm, rare lower hypodermal fibers, 
vascular sclereids above and below the bundle and auxiliary sclereids in 
the mesophyll. That the upper hypoderm is occasionally interrupted in- 
stead of being a continuous layer is in contrast to the main species. The 
low, shrubby habit is in agreement but the broader leaves with a definite 
petiole and the occasionally interrupted upper hypoderm differentiate the 
variety. In these latter characters it is like P. sylvestris but this is a tree 
and the leaves are mostly broader. The vegetative buds of all three of 
these taxa are similar. 


3. Podocarpus koordersii Pilger ex Koorders & Valeton, Meded. 
Lands Plant. [Batavia] 68: 268. 1904; Nat. Pflanzenfam. ed. 2. 
13: 248. 1926; Florin, Svenska Vet.-Akad. Handl. III. 10: 279. 1931; 
Wasscher, Blumea 4: 433. 1941. 


A small tree, to 14 m. tall, with stout twigs. Vegetative buds globose 
with thick, broad, obtuse or roundish scales, the outer ones sometimes 
acuminate. Leaves spreading, thickly coriaceous, rigid, glossy above, 
straight or somewhat falcate, linear or linear-lanceolate, 9-21 cm. long, 
6-13 mm. wide (larger on sterile twigs), gradually narrowing to a short 
thick petiole and acute apex; midrib broad and usually roundly prom- 
inent on both surfaces. Transverse sections of the leaves with 3 vascular 
resin canals below the bundle, with vascular fibers always above and some- 
times below, isolated auxiliary sclereids in the mesophyll both above and 
below the accessory transfusion tissue, upper hypoderm fibers in a con- 
tinuous layer, doubled at the margin and midrib, absent below between 
the stomatal rows, small, 16-24 » in diameter. Male cones axillary, sessile, 
in fascicles of 2—8, the buds globose with thick rounded scales; mature 
cones 4.5 cm. long, 2 mm. in diameter. Microsporophylls broadly trian- 
gular, each with a small apiculus. Female cones unknown. 


DISTRIBUTION: From sea level to 50 m. in Java and up to 300 m. in 
Celebes. 

Java. Koorders 39480 (Tyre, tvia Florin ex Leiden Herbarium) ; Anon. (tvia 
Florin ex Berlin Herbarium); Banjumas, Koorders 40251 B (+A); Horsfield s.n. 
(+3m), Horsfield in° 1859 (+meEL). Celebes. Malili, Oesoe, Cel/IJ-285 (a), 
Cel/II-287 (+sr1), Cel/IIJ-288 (+BISH). San Cristobal. BSIP on ridge, Logie 
BSIP 356 (+LAE). 


Podocarpus koordersii differs from P. neriifolius in having leaves with 
margins parallel over a greater length, a broader, less prominent midrib 
and a continuous upper hypoderm (as seen in transverse sections). The 
specimens from Java all have rounded or obtuse vegetative bud scales 
but those from Celebes have acuminate tips on the outer bud scales. In 
most of the leaves of P. koordersii the upper hypodermal fibers show alter- 
nate groups of thick-walled cells with small lumina and thinner-walled 
cells with large lumina. This is especially apparent in the specimens from 
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Celebes, in which I find also that the mesophyll above and below the 
accessory transfusion tissue is an almost complete layer of thin-walled 
sclerenchymatous cells with simple pits, very large and empty of cell con- 
tents. Wasscher (11) referred to P. rumphii a group of specimens from 
Celebes with related collection numbers, including those I have examined, 
but he says that they have very small, more lanceolate leaves. This and the 
continuous upper hypoderm readily refer them to P. koordersii. Orr (9) 
also examined P. rumphii and agrees that this species has interrupted upper 
hypoderm while in P. koordersi it is continuous. 


4. Podocarpus philippinensis Foxworthy, Philip. Jour. Sci. Bot. 6: 
163. 1911; Pilger, Nat. Pflanzenfam. ed. 2. 13: 248. 1926; Florin, 
Svenska Vet.-Akad. Handl. IIT. 10: 280. 1931. 


Large, straight trees, 20-30 m. tall, with smooth reddish-brown flaky 
bark and erect branchlets. Terminal buds globose with thick ovate scales, 
the tips rather acute but sometimes very blunt. Leaves erect or erect- 
spreading, straight to subfalcate, linear-lanceolate, 13-23 cm. long, 
9-18 mm. wide (juvenile to 31 cm. long, 25 mm. wide), the apex acute to 
acuminate, gradually narrowing at the base to a short petiole; midrib 
mostly flat or somewhat depressed, broadly prominent below. Transverse 
sections of the leaves show three vascular resin canals, vascular sclereids 
or fibers rare above and absent below the bundle, no auxiliary sclereids, 
upper hypoderm, in a continuous single layer except at the margin and 
midrib where it is doubled, lower hypodermal fibers abundant between 
stomatal rows, the small fibers 15-22 » in diameter. Male cones unknown. 
Female cones axillary, on peduncles 5—8 mm. long; receptacle fleshy, sub- 
tended by two small bracts, bright red. Seeds ellipsoid-globose, 12-15 mm. 
long, 11 mm. wide, the crest suppressed. 


DISTRIBUTION: On mountain slopes in the Philippine and Selangan 
Islands. 


Philippine Islands. Luzon. Bataan Prov.: Lamao Forest Preserve, For. Bur. 
6326, Curran (BISH, BRI, tMO, NY); For. Bur. 8987, Curran (+mo, Ny); For. Bur. 
17523, Curran (+BR), For. Bur. 17592, Curran (Ny), For. Bur. 17594, Curran 
(tpm); Mt. Mariveles, For. Bur. 2743, Borden (Ny). Pampanga Prov.: Mt. 
Arayat, For. Bur. 17664, Curran (+ny, tp), Merrill 3917 (+Ny). Tabayas Prov.: 
Merrill 1992 (mo); Alikad, Jones 63 (+¥-2 sheets). Locality unknown: Anon. 
sm. (tuc). Selangan Islands. Cons. For. N. Borneo s.n. (+8). 


Podocarpus philippinensis was distinguished by Foxworthy from P. 
rumphu by the smooth reddish-brown flaky bark, the leaves narrowing 
more gradually toward the petiole and the seeds with shorter peduncles. 
With the exception of Jones 63 and Merrill 1992, all the collections listed 
by Foxworthy were examined and all are either female or sterile. Fox- 
worthy (5) left under P. rumphii several specimens, one of which (Merrill 
3917) is certainly P. philippinensis, for an examination of a transverse sec- 
tion of a leaf showed the same continuous upper hypoderm characteristic 
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of this species. I have not seen the other specimens, but they are prob- 
ably also P. philippinensis as the larger leaves and longer peduncles which 
they may show seem to be natural variations in most species of Podocarpus. 
Wasscher (11), who does not recognize P. philippinensis, saw many of the 
same collections and included them under P. rumphii without comment. 
The upper hypoderm is so consistently continuous in Podocarpus philip- 
pinensis that his treatment of these specimens is not tenable. 

Orr (9) agrees that the leaves of Podocarpus philippinensis differ from 
those of P. rumphii by the continuous hypoderm, an evident but not very 
prominent upper midrib, the absence of sclereids in the mesophyll, and no 
auxiliary sclereids. This description of the leaf anatomy resembles that 
of P. elatus, an Australian species. It differs from P. koordersii only in 
the lower hypodermal fibers between the stomatal rows and the absence 
of auxiliary sclereids. I do not find that the hypodermal fibers are as large 
compared with those of P. koordersii as described by Orr (9). 

Orolfo 3919, from the Selangan Islands, agrees with Podocarpus philip- 
pinensis. It had been identified by Orr (9) as P. teysmannii but, on ex- 
amination of authentic material of this latter species, I find that it is quite 
different. 


5. Podocarpus ridleyi (Wasscher), stat. nov. 
Podocarpus neriifolius var. » ridleyi Wasscher, Blumea 4: 453. 1941. 


A small tree with stout branches but small verticillate twigs. Terminal 
buds ovate with long-acuminate outer scales up to 13 mm. long. Leaves 
crowded on new growth, spreading, stiffly coriaceous, linear-lanceolate, 
straight or falcate, 10-15 cm. long. 9-12 mm. wide (rarely to 17 cm. long, 
19 mm. wide), narrowing at the base to a short petiole, gradually narrow- 
ing to an acute or acuminate apex; midrib flat or broadly prominent 
above, more prominent below. Transverse sections of the leaves show 3-5 
vascular resin canals, the two outermost often located within the transfu- 
sion tissue on either side of the bundle, vascular fibers above the bundle 
and usually below, upper hypodermal fibers in a continuous layer, usually 
large, 22-50 uw in diameter, lower hypodermal fibers also large and scat- 
tered or abundant between the stomatal rows, auxiliary sclereids often 
abundant in the palisade layer and mesophyll both above and below the 
accessory transfusion tissue. Male cones axillary, sessile or on peduncles 
up to 2 mm. long, fascicled 1-3, buds small, ovate, the outer scales keeled, 
acute, 2-4 mm. long, with erose scarious margins; mature cones large, 
cylindric, up to 8 cm. long, 4 mm. wide. Female cones solitary, axillary; 
peduncles to 9 mm. long; immature receptacle subtended by two subulate 
bracts 2.5 mm. long. Mature seed not seen. 


DIsTRIBUTION: On mountains, up to 1000 m. altitude, Malay Penin- 
sula, Borneo, and New Guinea. 


Malay Peninsula: Johore, Gunong Blumut, Holttwm 10720 (Type, +A); 
Malacca, Padang Bata, Ridley 10016 (A). Borneo: western part, G. Semedoen, 
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Hallier 720 (+Ny, uc). Netherlands New Guinea: Seroei, Japen, Boschpr. 
bb30484, (+A), bb30650 (+A); Japen, Soemberbaba near Seroi, Van Dijk 830 
(+a); Wissel Lake region, environs of Post, on foot of Mt. Boebeiro, Eyma 4911 
(+a). Cultivated. Java: Buitenzorg Botanic Garden, V.F.31 (+mo-3 sheets). 


Podocarpus ridleyi is a common tree on Gunong Blumut and, accord- 
ing to Holttum in Wasscher (11), it is a very striking plant with its yellow- 
green leaves. Leaves of these specimens are superficially similar to those 
of P. koordersii, P. philippinensis, P. rumphii and P. neriifolius, but can 
be distinguished from each of these species by the anatomy of the leaf as 
observed in transverse sections (Fig. 1). The most striking feature is the 
presence of five vascular resin canals in the leaves of all specimens except 
Hallier 720. Five vascular resin canals have been found elsewhere only in 
P. deflexus (Malay Peninsula), P. salomoniensis (Solomon Islands), some 
specimens of P. neriifolius and P. decipiens (Fiji Islands), and P. ulu- 
gurensis (Africa). Only the first three of these are in this subsection of 
sect. Podocarpus. The continuous upper hypoderm is similar to that of 
P. koordersii and P. philippinensis, but P. koordersii does not have lower 
hypodermal fibers between the stomatal rows and P. philippinensis does 
not have auxiliary sclereids; the hypodermal fibers are larger in P. rid- 
leyi than in either of these species. In most of the specimens of P. ridleyi 
the upper hypoderm consists of alternating groups of thick- and thin-walled 
fibers as has been described for some specimens of P. koordersit. 

The specimens of Podocarpus ridleyi have had various identifications. 
Both Holttum 10720 and Hallier 720 have been identified with P. neriu- 
folius and Wasscher lists them in his new variety ridleyi under this species. 
Both the continuous upper hypoderm and hypodermal fibers between the 
stomatal rows differ from P. nerifolius and the specimens are an entirely 
distinct species. Two of the specimens from Java had been named as 
P. macrophyllus, a species having smaller leaves with interrupted upper 
hypoderm of very small fibers and a very prominent midrib. The other 
specimen was called P. rumphii which I have found to be a species also 
with interrupted upper hypoderm. 

In Hallier 720, from Borneo, the upper hypodermal fibers are smaller 
in diameter, usually not over 18 », and only three vascular resin canals 
have been observed. Rare interruptions were found in the upper hypoderm 
of Holttum 10720. There seem to be no vascular fibers below the bundle 
in the three cultivated specimens (two male, one sterile) from Buitenzorg 
collected by Sargent in 1903. 


6. Podocarpus elatus R. Brown ex Mirb. Geogr. Conif. in Mém. Mus. 
13: 75. 1825 (nomen!); Endlicher, Syn. Conif. 213. 1847; Gordon, 
Pinetum, ed. 1. 273. 1858, ed. 2. 334. 1875; Carriére, Traité Conif. 
656. 1867; Parlatore in DC. Prodr. 16: 517. 1868; Bentham, Fl. Aus- 
tral. 6: 246. 1873; Van Tieghem, Bull. Soc. Bot. France 38: 169. 1891; 
Hemsley, Jour. Linn. Soc. Bot. 30: 199. 1894; Bailey, Queensl. Fl. 5: 
498. 1902; Pilger, Pflanzenreich IV. 5(Heft 18): 75. 1903, Nat. 
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Pflanzenfam. ed. 2. 13: 248. 1926; Gibbs, Jour. Linn. Soc. Bot. 39: 
183. 1909; Baker & Smith, Res. Pines Austr. 435. 1910; Dallimore & 
Jackson, Handb. Conif. 43. 1923, 1931, 66. 1948; Florin, Svenska 
Vet.-Akad. Handl. III. 10: 279. 1931. 


P. ensifolia R. Br. ex Gordon, Pinetum ed. 1. 275. 1858; ed. 2. 335.1875 
(non Carr.). 

P. acicularis Van Houtte ex Gordon, Pinetum ed. 1. 275. 1858. 

P. falcata A. Cunn. Herb. fide Baker & Smith, Res. Pines Austr. 435. 1910. 

Nageia elata F. Mull. Cens. 109. 1882. 


An erect tree up to 30 m. high with solitary or verticillate branches 
bearing spreading, rather lax leaves. Vegetative buds small, ovate or sub- 
globose with short, more or less sharply acute scales. Leaves light green 
and shiny above, coriaceous, straight or subfalcate, linear-lanceolate, the 
acute to obtuse apex often mucronate, gradually tapering at the base to a 
short petiole, 5—11 cm. long, 7.5—-10 mm. wide (occasionally up to 20 cm. 
long, 16 mm. wide). Midrib broad and slightly prominent above, scarcely 
evident below; leaf margins sometimes slightly thickened, never revolute. 
Transverse sections of the leaves (Fig. 3) usually show three vascular resin 
canals (only one resin canal in the leaf examined of the type, Brown 3117, 
one to three in Laseron 435, one in Anon. 10545 from Mt. Spergeon, and 
one to three in two cultivated specimens from Rome and California), 
vascular fibers rare above the bundle but usually abundant below, auxiliary 
sclereids absent in the mesophyll, palisade mesophyll thick but of a single 
layer of cells, upper hypoderm in a neat single continuous layer except 
at the margin and midrib where it is doubled, lower hypodermal fibers 
abundant between stomatal rows, both upper and lower fibers averag- 
ing 15-22 » in diameter. Pollen cones axillary and sessile, in groups of 
2 or 3, 5 cm. long, 4-5 mm. wide, surrounded at the base by numerous 
thick broad obtuse scales. Microsporophylls densely imbricate, broadly 
triangular with a short apiculus. Female cones solitary in the axils of 
the leaves, on stout peduncles 3-10 mm. long; receptacle of two fused 
thickened equal bluish scales scarcely free at the tips and subtended by 
a pair of small subulate bracts. Seeds globose, 12-14 mm. wide (22 mm. 
long on Mt. Spergeon), with very blunt inconspicuous crest. 


DistTRIBUTION: Native to southeastern Australia (Queensland, New 
South Wales) and Tasmania. Cultivated as an ornamental around the 
world. 


Australia. QUEENSLAND: Cape York Peninsula, 100 mi. south of Cape York, 
Hartmann in 1886 (+MEL); Fitzroy Island, Moore 39 (+MEL); Rockingham Bay, 
Mueller in 1864 (2 sheets, 6 and 2, +mEL); Barron River, Kenevunga, Cowley 
52 (prt); Mt. Spergeon, Anon. 10545 (+BR1); South Kennedy Dist., Dalrymple 
Heights, Sclemers in 1947 (prt); Bundaberg, Keep in 1898 (srr); Gympie 
Dist., Kenny in 1907 (prt); Beech Mountain, White in 1923 (srt, +BR), Wilson 
in 1921 (+A, seedling); Brisbane River, Ithaca Creek, Bailey in 1875 (srt), 
Moreton Bay, Mueller in 1855 (meEL); Pioneer River, Griffiths in 1889 (MEL). 
New Soutu WatEs: Moore Park near Kyogle, White 12579 (mo, uc); Rich- 
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mond River, Henderson 106 (MEL); Casino, McLean in 1918 (BRI); Ballina, 
Baker in 1892 (+pr); Clarence River, Beckler sn. (MEL); Hastings River, 
Beckler sn. (MEL); Gloucester River, Betche in 1882; Tiona, south of Forster, 
Garden 19004 (a, Mo); Hunder and Paterson Rivers, Brown in 1802-5 (MEL), 
Brown 3117 (Type, +8M); Ourimbah, Laseron 435 (+A); Illawarra Distr., near 
Bulli, Kirton 8 (MEL), Anon. 152 (srt); Anon. (MEL). LOCALITY UNKNOWN: 
Dundowran, Nichenbach, Sandy Flat, Tryon in 1928 (srr); Bennett’s River, 
Leichhardt in 1943 (mex); Ash Island, Leichhardt s.n. (MEL). Tasmania: Van 
Diemen’s Land, Caley in 1805 (BM). 

Cultivated. AUSTRALIA. Queensland: Brisbane Botanic Garden, White 2337 
(A, BRI), Everist 75 (mo). New South Wales: Sydney, The Domain, Boyce 
19005 (A, Mo, uc), Botanic Garden, Camfield in 1896, 2 sheets, 6 and 2 (tuc), 
Eames s.n. (cu). Asta: Nepal (?), Villa Thuret, Martio in 1889 (a), Wallich 
sm. (+P); Singapore, Scheidweiler s.n. (+BR). AFRICA: Tunis, Anon. in 1868 
(+mo, 2 sheets), Anon. in 1870 (tmo); Natal, behind Durham Botanic Garden, 
Wilson in 1922 (+a); Cape Colony, Capetown State Nursery, Bowman in 1921 
(ta). Europe: Italy, Rome, Mont. Pinario, Anon. in 1869 (+mo); England, 
Kew, Royal Botanic Garden, Cook in 1937 (+ILL) Anon. in 1832 (+BR). SOUTH 
America: Brazil, Rio de Janeiro Botanic Garden, Curran 341 (tus); Chile, 
Valparaiso, Los Zooras, Jardin Suizo, Harshberger 1031 (PENN, tuUS); site un- 
known, Anon. s.n. (PH). NortH AMERICA. United States. New York: New 
York Botanical Garden, 3740 ex DPM in 1900, Nash in 1905 (+ny), Hartling in 
1919 (+Ny), 3750 ex DPM in 1900, Nash in 1905 (+ny), 4788 ex DPM in 1900, 
Taylor in 1906 (tNY), 8766 ex MBG in 1901, Nash in 1901 (+Ny), 11800 ex 
DPB in 1902, Taylor in 1905 (Ny), 14415 ex Edinburgh in 1902, Taylor in 1905 
(ny); Manhattan, Dept. of Parks 3740, Hartling in 1900 (+1LL). New Jersey: 
cult. in greenhouse from CU56 from Atkins Garden, Cuba, Johnson in 1952 
(ruT). District of Columbia: Washington, Foxworthy in 1903 (+cu, Ny), Anon. 
s.m, (ILL). California: Stanford University, Dudley in 1909 (tps); San Fran- 
cisco, Golden Gate State Park, Walther in 1936 (cas), Buchholz in 1942 (+111); 
Mill Brae, Mills’ Place, Walther in 1921 (cas); Berkeley, Eastwood in 1913 
(cas), Curran 23 (A); Goleta, Sexton’s place near Santa Barbara, Eastwood in 
1917 (tcas), Van Rensselaer 1716 (1LL), Buchholz in 1941 (}1LL); Santa Bar- 
bara, Eastwood in 1926 (a, +cas); Hueneme, Bord’s place (Ventura Co.), 
Walther in 1921 (cas), Vijos in 1917 (cas); San Diego, Wongenheim in 1941 
(ILL); Jefferson’s, Walther in 1926 (cas), Wilson in 1937 (cas), Hawaiian Is- 
lands: Oahu, Curran 122 (tus). 


Podocarpus elatus is not represented in our herbaria by many specimens 
collected directly from native habitats in Australia, but there are a large 
number of specimens from cultivation both here and abroad. The culti- 
vated specimens have masqueraded under a number of different names: 
P. macrophyllus (China), P. neriifolius (Nepal), P. coriaceus (West In- 
dies), P. polystachyus (Singapore), P. latifolius (Africa), P. purdieanus 
(Jamaica) and P. spinulosus (Australia). These specimens were first rec- 
ognized as being identical by the striking uniformity in general appearance 
and by the transverse sections of the leaves (Fig. 3) in which the single 
layer of upper hypoderm and three vascular resin canals proved to be dis- 
tinguishing characters. Later it was found that the broad, straight, often 
mucronate leaves also served to identify this plant. 

An undetermined specimen collected in Tasmania by Caley in 1805 
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(BM) proves to be Podocarpus elatus. The early date of this collection pre- 
cludes the possibility that this species could have been planted by Euro- 
peans and grown to a reproductive size by the time of its collection. A 
leaf from a specimen (P) supposedly collected by Wallich in Nepal and 
determined by Lindley, first as P. macrophyllus, later as P. neriifolius, was 
examined. This specimen is also P. elatus, but it is very doubtful that 
this species is really to be found in Nepal. Either this specimen was picked 
up by Wallich en route and not given clear collection data or it has been 
mislabelled subsequently. Gibbs (6) lists 819 frem Fiji as P. elatus. This 
is also very unlikely, as I have examined numerous specimens from Fiji 
and never found this species. Orr (9) included P. elatus in Fiji and also 
suggests that it is in New Caledonia and the islands of Polynesia, but it 
has not appeared among any specimens I have examined from these places. 

Both Stiles (10) and Orr (9) examined the anatomy of the leaves of 
Podocarpus elatus and are in agreement as far as they report their observa- 
tions. However, Stiles includes it with P. polystachyus, attributing the 
differences in hypoderm and auxiliary sclereids to external conditions. 
This does not seem to be the case since both the native collections and 
the large number of cultivated specimens from other climates exhibit 
unexpected uniformity in the leaf anatomy. 

Baker and Smith (1) included photographs of the mature tree (p. 432), 
male cones and mature seeds on branches (p. 434), photomicrographs of 
transverse and longitudinal sections through the leaves (pp. 436-37) and 
wood and bark anatomy (p. 438). 

Orr (9) stresses that the three vascular resin canals found in this species 
are exceptional among the Australian members of sect. Podocarpus. It 
is interesting to note that there are rare specimens in which only one 
vascular resin canal is developed, and also that one specimen has as 
many as five, two being in the transfusion tissue; however, the regular 
number is three. Orr observed auxiliary sclereids in the mesophyll, but 
I found a few in only a single specimen, Anon. 10545 from Mt. Spergeon. 
This specimen also differed from the type in the large seed, 22 mm. long 
and 13 mm. wide, with three distinct ridges on the back and a strong 
beak. 

Other specimens from northern Queensland differ from the type in hav- 
ing long leaves (up to 18 cm.), with apices not mucronate but long-acute 
(Mueller in 1864, Rockingham Bay, and Hartmann in 1886, Cape York). 
The leaves of Moore 39 from Fitzroy Island are up to 30 cm. long and 
22 mm. wide, thus reaching the lower limits of Podocarpus dispermus, 
but the leaves in this latter species have interrupted hypoderm. The 
specimen also shows five vascular resin canals, three below the vascular 
bundle and two in the wings of transfusion tissue, and a flat or depressed 
upper midrib. Its general appearance is that of a juvenile specimen. 

Allen Cunningham, a well-known Australian explorer of early days, in 
the diary (7) of his travels mentions seeing a Podocarpus several times 
in the vicinity of Paramatta and Liverpool, very near Sydney, New South 
Wales. We now know that this species was P. elatus. 
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7. Podocarpus brassii Pilger, Engler Bot. Jahrb. 68: 246. 1938; Was- 
scher, Blumea 4: 469. 1941. 


An erect tree, 10-12 m. tall, densely branched, with thick, stiff, verticil- 
late, ridged branchlets. Terminal buds large, globose, the scales often 
spreading, rigid, ovate-lanceolate, keeled, with membranous margins, up 
to 8 mm. long, apex stiffly acuminate. Leaves crowded, erect to patent, 
thick, very stiffly coriaceous, broadly lanceolate, 1—-1.8 cm. long, 3—7 mm. 
broad (juvenile 2.5-4 cm. long), the apex acute or obtusely apiculate, 
narrowing at base to a short broad petiole, shiny above, duller beneath 
with the exception of a broad marginal band; margins revolute; midrib 
narrow and prominent or scarcely prominent above, broader below. Trans- 
verse sections of the leaves show three (rarely one) vascular resin canals, 
upper hypoderm of scattered fibers, rare isolated lower hypodermal fibers 
between the stomatal rows, rare vascular sclereids and no auxiliary sclereids. 
Leaves quite thick with more than one layer of palisade mesophyll. Pollen 
cones axillary, solitary, sessile, surrounded at the base by ovate-triangular 
scales, cylindric, 2.5--3 cm. lone 3-7 mm. thick. Microsporophylls densely 
imbricate, each with long triangular acute apiculus. Female cones solitary 
in upper leaf axils; peduncles thick, 2-9 mm. long; receptacle of 2—3 fused 
fleshy scales, 5-9 mm. long, 2.5-7 mm. broad, subtended by 2 narrowly 
triangular bracts, 3 mm. long; ovule usually solitary. Seeds elliptical- 
globose, rounded at the base and apex, 7-10 mm. long, 5—6 mm. broad. 


DISTRIBUTION: High mountains, above 3000 m. altitude, New Guinea. 


New Guinea. NETHERLANDS New GUINEA: Lake Habbema, 3225 m. Camp, 
Brass 9341 (+A), 9342 (+A), 9560 (+LAE), Brass & Meyer-Drees 10435 (a), 
10436 (A). TERRITORY OF NEw GuIneEA. Eastern Highlands District: Mt. Wil- 
helm, Lake Piunde, Womersley 8866 (LAE). Papua. Central Division: Mt. Al- 
bert Edward, Brass 4295 (IsoTYPE, tA—2 sheets; +BRI), Brass 4395a (BRI), Brass 
4396 (BRI). 


The leaves of Podocarpus brassii are smaller than those of P. brevifolius, 
which are usually over 2 cm. long. It also differs from P. glaucus in that 
its young foliage is not glaucous and the pollen cones are thick instead 
of slender. Orr (9) agrees with the above description of the leaf anatomy. 
I have observed that the upper hypodermal fibers are larger in Brass 9342 
than Brass 4395. 


8. Podocarpus glaucus Foxworthy, Philipp. Jour. Sci. 2: 258. 1907, 
6: 159. 1911; Pilger, Nat. Pflanzenfam. ed. 2. 13: 248. 1926; Florin, 
Svenska Vet.-Akad. Handl. III. 10: 262, 266. 1931; Wasscher, Blumea 
4: 468. 1941. 


A small bushy tree, 5—6 m. tall, with branchlets crowded toward tips 
of branches, light colored. Terminal buds very small, the outer scales 
spreading, up to 2 mm. long, with acuminate apex. Leaves densely crowded, 
erect-patent, coriaceous, glossy, pale beneath and glaucous when young, 
oblong, elliptic-oblong or spatulate, 0.9-1.7 cm. long, 3.5-5.5 mm. wide, 
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apex obtuse or rounded, the base gradually narrowed to 1-2 mm. petiole 
and somewhat decurrent; margins thickened; midrib prominent near base 
on upper side, becoming flat and indistinct toward the apex, very prom- 
inent beneath. Transverse sections of the leaves show three resin canals 
below the vascular bundle, upper hypodermal fibers large and scattered, 
no lower hypodermal fibers between the stomatal rows, no vascular fibers 
nor auxiliary sclereids. Pollen cones solitary in upper leaf axils, scattered, 
slender cylindric, 1-1.5 cm. long, 2-3 mm. thick. Microsporophylls densely 
imbricate. Female cones and seeds not known. 


DIsTRIBUTION: Mt. Halcon, 2400 m. altitude, on Mindoro in the Philip- 
pine Islands and the slopes and summit of Mt. Moetaro in New Guinea. 


Philippine Islands; Mrinporo: Mt. Halcon, Merrill 5672 (+ex Florin, Berlin 
Herbarium). Netherlands New Guinea: Wissel Lake region, Mt. Moetaro, Eyma 
5208 (ta). 


Podocarpus glaucus is a little-known species and its position in the 
genus has been doubtful until the present time. The examination of the 
transverse sections of the leaves shows three resin canals under the phloem 
of the vascular bundle, transfusion tissue, accessory transfusion tissue, 
and hypodermal fibers on both sides of the leaf. These characters definitely 
place it in subsection B of section Podocarpus; it seems to be most closely 
related to P. brevifolius, which has larger leaves with parallel margins, and 
P. brassti, which has very thick pollen cones. 

Florin (4) listed Podocarpus glaucus as a hypostomatic species of section 
Stachycarpus. The solitary pollen cones and the leaf anatomy show that 
it could not belong to this section. Wasscher (11) concluded correctly that 
it belongs in section Podocarpus, but he did not see Merrill 5672, the speci- 
men on which the species is based. Clemens 32032 and 40001, which he 
lists, have continuous upper hypoderm and belong elsewhere, invalidating 
his description for this species. I have not seen the other two specimens 
which he lists, but I do not believe that P. glaucus has yet been collected 
in Borneo. 

Orr (9) followed Florin in including Podocarpus glaucus in section 
Stachycarpus and he described the leaf anatomy correctly, but unaccount- 
ably treated the species along with P. amarus and P. rostratus as aberrant 
species in this group. His suggestion that the three species comprise a 
separate group is not tenable as they differ greatly from each other and 
each species must have separate consideration. By not placing this species 
in section Podocarpus with others from the Pacific islands, he missed see- 
ing its similarity to P. brassti and P. brevifolius. 


9. Podocarpus brevifolius Foxworthy, Philipp. Jour. Sci. 6: 160. 1911; 
Pilger, Bot. Jahrb. 54: 40. 1916; Florin, Svenska Vet.-Akad. Hand. 
III. 10: 279. 1931; Wasscher, Blumea 4: 466. 1941; Metcalf, FI. 
Fukien 1: 21. 1942. 

P. neriifolius var. brevifolius Stapf, Trans. Linn. Soc. Bot. II. 4: 249. 1894; 
Pilger, Pflanzenreich IV. 5(Heft 18): 93. 1903. 
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P. wangii C. C. Chang, Sunyatsenia 6: 26. 1941; Metcalf, Fl. Fukien Dee2it 
1942. 


A small tree or shrub with verticillate, spreading, stout branchlets. Ter- 
minal buds small, 2.5 mm. wide, with outer scales keeled, 3-7 mm. long, 
tardily deciduous, the tips acute to long-acuminate sometimes spreading. 
Leaves densely crowded, erect, thick-coriaceous, rigid, quite flat, straight 
or slightly falcate, elliptic to lanceolate, sessile or subsessile, 1.5—5.5 cm. 
long, 4-6 mm. wide, shining above, duller beneath, apex acute or some- 
what rounded; upper midrib prominent and narrow, broader below; mar- 
gins flat or revolute. Transverse sections of the leaves show three vascular 
resin canals below the phloem (rarely only one), interrupted upper hypo- 
derm of small or often quite large fibers, no hypodermal fibers between 
the stomatal rows below, no auxiliary sclereids and no vascular fibers above 
the xylem, rarely below the phloem. Male cones solitary in the upper 
leaf axils, sessile, cylindric, thick, 2-3 cm. long, 4-5.5 mm. in diameter, 
scales at the base triangular. Microsporophylls imbricate, triangular, with 
obtuse apiculus. Female cones solitary, axillary near the tip of the branch- 
let; peduncles 2-4 mm. long, broad and flattened; receptacle of two fused 
fleshy scales, free at the tips, subcylindrical, 5—-6.5 mm. long, 2.5—4 mm. 
thick, subtended by a pair of subulate to narrow-triangular, keeled, acute 
bracts, 3-5 mm. long. Seed ovoid, 1.2 cm. long, apex obtuse. 


DiIsTRIBUTION: High mountain slopes in the Philippine Islands, on 
Mt. Kinabalu in British North Borneo and on Hainan island. 


Philippine Islands. Luzon: Zambales, Bur. Sci. 5002, Ramos (a, Ny), For. Bur. 
9511, Curran & Merritt (+mo, Ny, tus). Hainan. Wang 36533 (A, Ny). British 
North Borneo. Mt. Kinabalu: Paka Cave to Low’s Peak, Clemens 10657 (a, 
GH, tUC); upper Kinabalu, Clemens 27825-27103 (+Ny); above Paka, Clemens 
28901 (A, tNY); Gurulau Spur, Clemens 50825 (a, tuc); Penibukan, Clemens in 
1933 (A, NY, UC). 


Podocarpus brevifolius was first described as a variety of P. neriifolius 
by Stapf from an early collection from Mt. Kinabalu. He included it under 
this species only because Hooker had combined P. neriifolius and P. poly- 
stachyus and he believed it to be more closely related to the latter. Fox- 
worthy (5) suggested that it is more closely related to P. pilgeri, with 
which I would agree. According to Wasscher (11), it is “a very distinct 
species in its adpressed, small, lanceolate, thick-coriaceous leaves.” 

This examination of a number of specimens of Podocarpus brevifolius 
shows that the layer of upper hypodermal fibers is always interrupted. 
I believe that Orr (9), who is not in agreement with this, examined only 
Clemens 32021 from the British Museum since his description fits this 
specimen perfectly. It is here included in the new species, P. gibbsii. 

Metcalf (8) who lists this taxon from China, assigns to it three speci- 
mens: Wang 36533 from Hainan and Wang 39578 and 40196 from 
Kwangsi. I agree on the specimen from Hainan but J question the two 
from Kwangsi on the mainland as I have not seen them and they may be 
Podocarpus macrophyllus var. chingii. 
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10. Podocarpus spinulosus (Smith) R. Brown ex Mirb. Geogr. Conif. 
in Mém. Mus. 13: 75. 1825; Endlicher, Syn. Conif. 213. 1847; Car- 
riére, Traité Conif. 653. 1867 (in part); Parlatore in DC. Prodr. 16: 
513. 1868; Bentham, Fl. Austral. 6: 247. 1873; Mahlert, Bot. Cen- 
tralbl. 24: 281. 1885; Pilger, Pflanzenreich IV. 5(Heft 18): 78. 1903, 
Nat. Pflanzenfam. ed. 2. 13: 247. 1926; Brooks & Stiles, Ann. Bot. 24: 
305. 1910; Baker & Smith, Res. Pines Austr. 443. 1910; Dallimore & 
Jackson, Handb. Conif. 56. 1931, 81. 1948; Florin, Svenska Vet.-Akad. 
Handl. III. 10: 280. 1931. 


P. bidwillit Hoibrenk ex Endlicher, Syn. Conif. 213. 1847. 

P. excelsa Loddiges ex Endlicher, Syn. Conif. 213. 1847. 

P. pungens Don ex Lamb. Pinus, ed. 1. 2: 21. 1824; ed. 2. 2: 124. 1828. 
Nageia spinulosa F. Mill. Cens. 109. 1882. 

Taxus spinulosa Smith in Rees Cyclop. 35. 1819. 


A small tree, sometimes shrublike, with scattered or subverticillate 
branches. Terminal buds small, ovate with erect triangular, narrowly 
acuminate or attenuate scales up to 8 mm. long. Leaves scattered, coria- 
ceous, erect to patent, linear, subsessile, 2—6.5 cm. long, 2-4.5 mm. wide, 
shiny above, apex long-acuminate and often pungent, base tapering abruptly 
to a very short petiole, or sessile; midrib narrow and evident above, 
broader and less prominent below. Transverse sections of the leaves show 
only one vascular resin canal, interrupted upper hypoderm often scarce 
between margin and midrib, no hypodermal fibers between the stomatal 
rows below, often two layers of palisade parenchyma, and regular trans- 
fusion tissue, upper vascular fibers rare. Male cones often very abundant, 
solitary or in clusters of 3—5 at the tips of very short, 1-3 mm., axillary 
peduncles subtended by 5—6 mm. long bracts, apiculate, simulating leaves; 
each cylindric cone, 4-8 mm. long, surrounded at the base by a few stiff 
scales. Microsporophylls densely imbricate, obtuse, apiculate. Female cones 
axillary to prophylls or true leaves in basal part of young shoot; peduncle 
slender, up to 1 cm. long; receptacle of 2-3 fused fleshy unequal scales, 
free at the tips, subtended by 2 subulate bracts 1-4 mm. long, glaucous, 
deep purple and edible when mature, bearing one ovule. Seed broadly 
ovoid, 1-2 cm. long, 7-10 mm. wide, often with a stout beak. 


DIstTRIBUTION: In light forest, usually in sandy soil; southeastern New 
South Wales near Sydney. 


Australia. New SoutH WALES: Sydney, Anon. s.n. (+cas), Anon. in 1897 
(a), Anderson 34 (Ny), Wright in 1853-56 (Ny, Y), Prajerus in 1889 (mTMG), 
Kenny s.n. (Bri1-2 sheets); Port Jackson, Mueller in 1855 (MEL), Manly Beach, 
Dawson s.n. (MEL); Lake Narrabeen, beyond Manly, Wheeler’s place, Mazden 
in 1887 (MEL); Paramatta, North Rocks, Anon. s.n. (MEL); Loftus, Camfeld 
in 1897 (+mo); Collarez, Burges in 1930 (Ny); Mosman, Cannon 443 (a); 
Blackdown Tableland, Simmons 76 (srt); Lake Tabourie, Baker in 1892 (srr); 
Beerwah, White 12858 (pri-2 sheets, ¢ and ?); R. Brown in 1802-5 (te); 
Jervis Bay, Naval Reserve, Willis in 1954 (MEL). STRADBROOKE IsLanp: White 
1665 (BRt); White 1708 (A, BRI). Locality unknown: Anon. s.n. (BRI). 
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Podocarpus spinulosus resembles P. drowynianus in having long, slender 
crowded leaves, but in P. spinulosus the leaves taper to a definite short 
petiole and the midrib is prominent. In the transverse sections of the 
leaves the cuticle is a little thinner, the accessory transfusion tissue is 
more regular and the palisade layer is thicker. Orr (9) agrees with the 
description of the leaf anatomy and the specimen, R. Brown in 1802-05 
(e), is probably a duplicate of the one he used. 


11. Podocarpus drouynianus F. Miiller, Fragm. 4: 86, ¢. 37. 1863-64; 
Bentham, FI. Austral. 6: 274. 1873; Bertrand, Ann. Sci. Nat. V. 20: 
64. 1874; Van Tieghem, Bull. Soc. Bot. France 38: 169. 1891; Pilger, 
Pflanzenreich IV. 5(Heft 18): 77. 1903, Nat. Pflanzenfam. ed. 2. 
13: 247. 1926; Baker & Smith, Res. Pines Austral. 443. 1910; Dal- 
limore & Jackson, Handb. Conif. 48. 1931, 66. 1948; Florin, Svenska 
Vet.-Akad. Handl. III. 10: 279. 1931. 


P. brownii Bertrand, Ann. Sci. Nat. V. 20: 64. 1874 (nomen). 
Nageia drouyniana F. Mill. Cens. 104. 1882. 


A small tree or shrub, 1 m. high, with erect branches. Terminal buds 
ovate, with narrow, acute or attenuate scales up to 5 mm. long. Leaves 
spirally arranged, erect to patent, thin, leathery, linear, straight, subsessile, 
2-12 cm. long, 2—5 mm. broad, green above, glaucous beneath, apex acute- 
acuminate, rarely pungent, short angustate at the base; margins some- 
what revolute and thickened; midrib scarcely prominent or flat above, 
broad and prominent beneath. Transverse sections of the leaves with only 
one resin canal below the vascular bundle, the upper hypoderm inter- 
rupted, no hypodermal fibers between the stomatal rows, often very little 
transfusion tissue, accessory transfusion tissue usually of very irregularly 
elongate cells which are quite thick, vascular fibers very abundant below 
the phloem and forming a tissue several cells thick; cutin very thick 
and rounded over each epidermal cell; epidermis of very large cells, up 
to 207 w long and 11-46 » wide, pitted, with somewhat wavy walls. Pollen 
cones solitary or clustered at the ends of slender axillary peduncles 1—2.5 
cm. long, or widely scattered, up to six on special axillary branches, each 
cone on a separate peduncle with a subulate bract at the base, sometimes 
with sterile bracts; mature cones short, thick, cylindric, 4-10 mm. long, 4 
mm. wide. Microsporophylls densely imbricate, minutely apiculate. Female 
cones solitary in the axils of prophylls or the lowermost true leaves of new 
growth; peduncles variable, up to 2.0 cm. long; receptacle of 2 or 3 fleshy 
fused unequal scales with the tips free, 2.5 cm. long, subtended by 2 narrow 
bracts 2-3 mm. or more long, sometimes foliaceous and unequal (up to 
11 mm. long, 2 mm. wide on Gilbert 45), waxy-coated, purple at maturity, 
sometimes bearing 2 ovules when young but only one maturing. Seeds 
broadly ovoid, 1-1.7 cm. or more long, not crested. 


Australia, WESTERN AUSTRALIA: Busselton, Pries in 1870 (MEL); Warren Dist., 
Manjimup, Koch 2499 (ert, MEL, +Mo), Warren River, Mueller in 1877 (MEL) ; 
Tom River, Mueller sn. (MEL); Dape River, Oldfield s.n. (MEL); Preston Gor- 
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don River, Mueller in 1877 (EL); Greenbushes, Cook in 1939 (MEL); Bow 
River, Jackson in 1912 (srt); Blackwell River, Mueller s.n. (pu); Fly River, 
Wilson 263 (+a); Vasse River, Dept. Agr. in 1898 (A); Denmark, Jarrah For- 
est, White 5377 (a, BRI, tNy), Dept. Agr. 443 (+A); southwest, Eames in 1937 
(cu); Baker in 1904 (+a); Gilbert 45 (+8m, Mo); Drummond 154 (MEL). 


Podocarpus drouynianus has grass-like leaves which differ from those 
of P. spinulosus in having broad bases and in being sessile or very nearly 
so. The upper surface of the leaf is nearly flat at the midrib. The leaf 
anatomy differs little except for the very thick cuticle and the loose con- 
struction of the accessory transfusion tissue. 

Orr (9) examined the leaf anatomy of this species and reported the single 
vascular resin canal; the thick cutin was also a distinguishing character. 

Mueller in 1877 (MEL) from the Warren River is an excellent example 
of the reduction from normal vegetative leaves to the scale-like prophylls of 
the reproductive portion of the stem. The specimen twig is about 45 cm. 
long and the basal portion, 5—6 cm. long, is bare, the old leaves having 
fallen away. The next 20 cm. bears short, 2.5 cm. long, spreading leaves 
which decrease upward to narrow triangular scales 5 mm. long with spread- 
ing tips. In the following 10 cm. the prophylls are up to 8 mm. long and in 
the axils are solitary peduncled fruit. The remaining 14 cm. has large 
linear, mucronate leaves, 4—7 cm. long and 2—3 mm. wide, terminating in a 
bud which has just burst with new growth without having yet elongated. 


12. Podocarpus affinis Seem. Fl. Vitiens. 266. 1865-73; Parlatore in 
DC. Prodr. 16: 517. 1868; Warburg, Monsunia 1: 193. 1900; Pilger, 
Pflanzenreich IV. 5(Heft 18): 78. 1903, Nat. Pflanzenfam. ed. 2. 13: 
248. 1926; Florin, Svenska Vet.-Akad. Handl. III. 10: 279. 1931; 
Dallimore & Jackson, Handb. Conif. 38. 1931, 60. 1948. 


A tree with short, spreading branchlets, densely leafy toward the tips. 
Leaves spirally arranged, patent, linear-elliptic, 3—-5.2 cm. long, 6—9.5 mm. 
wide, reddish-brown underneath when dry (young leaves glaucous), the 
apex obtuse with pointed tip, the base narrowed into a short distinct 
petiole; midrib narrow and often very prominent above, narrow and some- 
times with shallow groves on either side below. Transverse sections of the 
leaves show three vascular resin canals with vascular fibers usually present 
both above and below the bundle, an interrupted hypoderm of fibers 18-30 
pin diameter, usually quite abundant on the upper side, but very rare on 
the lower between the stomatal rows, auxiliary sclereids in the mesophyll 
between the palisade mesophyll and the accessory transfusion tissue and 
also a few in the palisade making that layer discontinuous, palisade tissue 
occasionally doubled in thicker leaves, the cuticle sometimes thick. Male 
and female cones unknown. 


Fiji. Vir1 Levu: Namosi, Voma Peak, Seemann 574 (Typr, +BM, {cH, K), 
Gillespie 2721 (+uc), Horne 769 (xk), 973 (GH, K). 


Orr (9) examined the leaf anatomy of Podocarpus affinis and his account 
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agrees with the above description. The short leaves distinguish this species 
from the others in Fiji but only the vegetative characters are known. 


13. Podocarpus sylvestris Buchholz, Bull. Mus. Paris II. 21: 285. 
1949. 


A tree becoming 15-18 m. high with the trunk up to 2 m. in diameter; 
outer bark gray and furrowed between longitudinal plates, the inner bark 
reddish brown; twigs very slender, subverticillate. Vegetative buds 
spherical or ovoid, solitary or in groups of three, with thin, slightly cari- 
nate, ovate, apiculate or obtuse, appressed scales. Leaves aggregated toward 
the ends of twigs, linear-lanceolate, 5-9 cm. long, 7—9.5 mm. wide (some- 
times up to 17 cm. long and 15.5 mm. wide), narrowed above to an ob- 
tusely rounded apex, narrowed at the base to a short petiole, bright shiny 
green becoming gray-green above, lighter dull green beneath; midrib flat 
on both surfaces or broadly prominent. Transverse sections of the leaves 
show 3 vascular resin canals, hypoderm interrupted above with small fibers 
rarely more than 20 » in diameter, few and scattered fibers between the 
stomatal rows below, vascular sclereids usually above and sometimes below, 
auxiliary sclereids present in the palisade mesophyll and abundant in the 
mesophyll above the accessory transfusion tissue. Pollen cones axillary, 
in clusters of 3, sessile or the peduncle 1 mm. long, cylindrical, 8-16 mm. 
long, 2—2.5 mm. in diameter when fully expanded; surrounded at base by 
7-9 thin imbricated bud scales, the outer acute, the inner obtuse. Micro- 
sporophylls with a scarious obtuse apiculus. Female cones axillary on 
slender peduncles 5-9 mm. long; receptacle of 2 fused fleshy unequal 
scales 6-7 mm. long, subtended by a pair of small deciduous bracts and 
bearing a single ovule. Seed elongated, becoming 13 mm. long and 8—9 mm. 
wide, with only a minute or suppressed crest. 


DISTRIBUTION: Scattered in mixed angiosperm forests of southern New 
Caledonia at 150—400 m. altitude. 


New Caledonia: Plaine des Lacs, foret du Mois de Mai, Buchholz 1696 (Typr, 
TILL, P), 13516 (+111, P), 13522 (+111, P), 1354 (FILL)91360, 1372 — juvenile 
(ILL, P) 1392 (ILL), Bernier 158 (P), 219 (P), Bernier in 1947 (1LL); Baie 
des Pirogues, White 2118 (+A, BRI, P), White s.n. (K-2 sheets); north of St. 
Louis, Thy River, Buchholz 1233 (+1LL); Mt. Canala, Compton 1273 (+BM); 
North Prony, Cribs 4718 (+P); Mt. Balade, Vieillard 1265 (a, Pp); Wayap, 
Vieillard 1265 (e); Pic du Pin, Virot 598 (a); Mont Mi, Virot 735 (a). 
Locality unknown: Kay 34 (+p), Vieillard 1265 (P). 


It is likely that Podocarpus sylvestris has been confused in the past 
with P. longifoliolatus Pilger in subsection F, a tree which occurs on Mt. 
Mou in high coniferous rain-forests above 1000 m. It differs from the latter 
in its more slender twigs and globose vegetative buds with closely appressed 
ovate or obtuse, apiculate scales. Transverse sections of the leaves show 
only three vascular resin canals and smaller hypodermal fibers. Podo- 
carpus longifoliolatus has, in addition, two or more resin canals above the 
vascular bundle. The female cones of P. sylvestris bear solitary ovules. 
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According to the manuscript notes of Prof. Buchholz, the vegetative 
buds of this species are more like those of P. novae-caledoniae. It differs 
from the latter in the much wider leaves with interrupted hypoderm. 
Podocarpus novae-caledoniae is the only other species in New Caledonia 
belonging in this subsection and its shrubby habit distinguishes it readily. 

The wood is light, reddish, of excellent quality and is used for lumber. 
It is called “False Kauri” where it is marketed. One specimen, Buchholz 
1392, has white wood but does not seem to differ otherwise. 


14. Podocarpus idenburgensis, sp. nov. 


Arbor 12-33 m. alta; ramulis tenuibus gemmis terminalibus parvis, 
ovatis vel globosis; foliis apice ramulorum congestis, lineari-lanceolatis vel 
lineari-ellipticis, 8-15 cm. longis et 9-15 mm. latis, apicibus acutis, petiolis 
6-10 mm. longis, strobilis masculis alabastris axillaris cicatricorum foli- 
orum oppositis positis, pedunculo tenue, 3-12 mm. longo, strobilis maturis 
4 cm. longis, 5 mm. crassis; strobilis foemineis solitariis, pedunculo tenue, 
8 mm. longo; semine globoso, 9 mm. longo, apice tenue rotundato. 

A tree 31-57 cm. in diameter, the outer scales of the terminal buds on 
the twigs narrowly triangular, erect or spreading, up to 6 mm. long, the tips 
long acute or acuminate. Leaves straight or falcate, coriaceous, gradually 
or more abruptly narrowing to a definite petiole and gradually narrowing 
to an acute apex; midrib usually narrowly prominent above, almost flat 
below. Male cone bud scales acutely triangular, erect; microsporophylls 
imbricate, tips broadly obtuse, scarious, somewhat erose. Female cones 
axillary; receptacle very fleshy of 3 fused scales almost 1 cm. long. 


DistrIBuTION: In high mountain rain-forests in Netherlands New 
Guinea. 


New Guinea. NETHERLANDS NEw GUuINEA: 6 km. sw of Bernhard Camp, 
Idenburg River, Brass & Versteegh 12581 (Typ, +LaE); 2 km. sw of Bernhard 
Camp, Idenburg River, Brass & Versteegh 13530 (+A, LAE); Bele River, 18 km. 
NE of Lake Habbema, Brass & Versteegh 11133 (+A, LAE). 


This species must be distinguished from both Podocarpus nerifolius and 
P. rumphii in New Guinea. It differs from these species in its large male 
cones, usually solitary or rarely paired, on peduncles up to 12 mm. long. 
The shape of the leaves is like that of both of the other species, while the 
terminal buds are more like those of P. neriifolius. Transverse sections of 
the leaves did not show any auxiliary sclereids and there were no lower 
hypodermal fibers in Brass & Versteegh 11133. 

The name refers to the Idenburg River which flows adjacent to the region 
in which the species is found most abundantly. 


15. Podocarpus ledermannii Pilger, Bot. Jahrb. 54: 210. 1916, Nat. 
Pflanzenfam. ed. 2. 13: 248. 1926; Florin, Svenska Vet.-Akad. Hand. 
III. 10: 279, 283. 1931; Wasscher, Blumea 4: 456. 1941. 


A tree up to 20 m. high with gray bark and slender spreading branch- 
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lets; terminal buds small and ovate with long-triangular apiculate bud 
scales. Leaves scattered or crowded at the tips of the branches, thinly 
coriaceous, flexible, elliptic-lanceolate or narrow-elliptic, broadly cuneate 
or cuneate-rounded at the base, obtuse or abruptly narrowed and acute at 
the apex, often almost caudate at the tip, scarcely shiny above, dull below, 
8-12 cm. long, 12-27 mm. wide; midrib abruptly prominent above, broader 
below. Transverse sections of the leaves show 3 vascular resin canals, in- 
terrupted hypoderm of large scattered or isolated fibers, some hypodermal 
fibers scattered below between the stomatal rows, vascular sclereids both 
above and below the bundle, auxiliary sclereids in the mesophyll both 
above and below the accessory transfusion tissue. Pollen cone buds in 
groups of 2 or 3 on very short peduncles; scales ovate-triangular, acute, 
keeled, 2 mm. long, inner ones more obtuse. Microsporophylls ovate-tri- 
angular obtuse or with acute apiculus. Female cones solitary, axillary, on 
peduncles 6.5—-9 mm. long; receptacle of 2 or 3 fused fleshy scales with 
free tips, subtended by 2 subulate bracts 2.5 mm. long. Seed elliptic or 
globose, about 8 mm. long, crested. 


DIsTRIBUTION: In mountain forests of New Guinea, Java and Borneo. 


New Guinea. NETHERLANDS New GuINEA: Bele River, 18 km. NE of Lake 
Habbema, Brass 11058 (+A); Idenburgh River, 6 km. SW of Bernhard Camp, 
Brass 12749 (+A). TERRITORY OF New GuIneA. Sepik District: Lordberg, 
Ledermann s.n., ex Berlin Herbarium (tex Florin). Eastern Highlands District: 
Chimbu, Cavanaugh NGF3336 (tLAE). Morobo District: Yungaing, Clemens 
2352 (+A). Java. Horsfield sn. (+cH); Preanger, Warburg 2678 (+Ny). Borneo. 
SARAWAK: Foxworthy 377 (+us); Mt. Poi, Clemens 20348 (+A, NY). 


Podocarpus ledermanniu differs from P. neriifolius in the more oval or 
oblong shape of the leaves and from P. rumphii in its abruptly or narrowly 
prominent midrib. Transverse sections of the leaves differ from P. nerii- 
folius and P. rumphii in the large hypodermal fibers, hypodermal fibers be- 
tween the stomatal rows and more abundant auxiliary sclereids. Orr (9) 
examined this species and found the same differences. The leaves of the 
specimens from Java show five vascular resin canals below the bundle and 
those from Borneo show three to five and there are few if any hypodermal 
fibers between the stomatal rows. 


16. Podocarpus dispermus White, Contrib. Arnold Arb. 4: 10. 1933. 


A small tree up to 17 m. high with light brownish-gray, slightly flaky 
bark. Vegetative buds small; the scales narrow, acute, stiff and erect, up to 
6 mm. long, longer than bud. Leaves dark glossy green, straight, broad- 
linear or narrow-lanceolate, apex acute, often pungent, gradually narrow- 
ing at base to a short petiole, 10-20 cm. long, 20-30 mm. wide; midrib 
broadly prominent above and below. Transverse sections of the leaves 
show usually 3 vascular resin canals (rarely one or five), an interrupted 
upper hypoderm of fibers 18-33 yw in diameter, lower hypodermal fibers 
between the stomatal rows, vascular sclereids present above and below, 


1958] GRAY, REVISION OF PODOCARPUS, XI 449 


and auxiliary sclereids absent in palisade and spongy mesophyll. Pollen 
cones sessile, in clusters of 1-3, 3 cm. long, 3 mm. broad, surrounded by 
acute scales at the base. Microsporophylls crowded, imbricate, with the 
apiculus short, broad, and acute. Female cones axillary, on thick pe- 
duncles 5-15 mm. long; the very fleshy receptacle subtended by two 
small deciduous scales, turning scarlet when the fruit is ripe. Seeds usually 
in pairs, ellipsoid, 2.5 cm. long, 1.7 cm. broad. 


DIstRIBUTION: In rain forests in northeast Queensland. 


Australia. QUEENSLAND: Atherton Tableland, Gadgarra Reserve, Kajewski 
1192 (TYPE, +A, BRI, ILL, NY), Kajewski 1107 (+A, BRI, NY-3 sheets); Millea 
Millea, Tardent in 1930 (A, BRI); Johnstone River, Michael 97 (prt). 


Podocarpus dispermus differs from P. elatus in having broader and usu- 
ally longer leaves with interrupted hypoderm. The receptacle and seeds 
are larger and the ripe receptacle of P. dispermus is red instead of blue- 
black. This species is not very abundant and has a restricted range in the 
region of Atherton in northern Queensland. Orr (9) did not see any speci- 
mens of P. dispermus, but he correctly included it in section Podocarpus. 

The pollen cones on Michael 97 are on short (1.5 cm.) branches arising 
from stems more than one year old, which also bear leaves. This is the only 
specimen I have seen with pollen cones. 


17. Podocarpus salomoniensis Wasscher, Blumea 4: 430. 1941. 


Tree up to 20 m. tall with pale yellowish-brown, thin bark, usually 
smooth but sometimes fissured and flaking, the scattered drooping branches 
with stout twigs. Terminal buds large, ovoid, with long-attenuate scales up 
to 11 mm. long, the outer spreading and keeled, the inner erect. Leaves 
spirally arranged, spreading or crowded, linear to linear-lanceolate, some- 
times falcate, 12-18 cm. long, 6.5—9 mm. wide, shiny above, dull beneath, 
long-tapering to an acuminate apex or sharp point, very gradually narrowed 
at base to a short, more or less distinct petiole; midrib sharply prominent 
above (in dried leaves sometimes located in a broad channel or fold), 
broader below; margins revolute. Transverse sections of the leaves usually 
show five vascular resin canals, the outer two of which are commonly found 
in the transfusion tissue, interrupted upper hypoderm of small fibers, lower 
hypodermal fibers absent between stomatal rows, vascular fibers above but 
not below the midvein, auxiliary sclereids in the mesophyll usually quite 
rare. Pollen cone buds solitary in the axils of upper leaves of new growth, 
large, 4-5 mm. diameter, connate; scales broadly triangular, apex acute, as 
long as bud. Female cones solitary in the leaf axils; peduncles divaricate, 
11-15 mm. long; receptacle fleshy, 8-9 mm. long, of four decussate bracts, 
of which only the two lower are fertile, subtended by two narrow bracts, 4 
mm. long, just beneath its base. Seed elongated, rounded at the apex and 
somewhat narrowed toward the base, 11 mm. long, 8 mm. broad. 


DistTrIBUTION: On slopes in rain forests at 400-900 m. altitude in the 
Solomon Islands. 
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Solomon Islands. SAN CRISTOBAL IstanpD: Hinuahaoro, Brass 2881 (Type, 
BM, BRI, tex Florin, Leiden Herbarium); Waimasi River, Walker BSIP. 254 
(A, BRI, tK). 


Podocarpus salomoniensis is quite distinct from P. neriifolius which is 
also found in the Solomon Islands. It has long, much narrower leaves 
which are usually quite crowded, the receptacle has four fleshy scales in- 
stead of two and the bracts are very close to its base. Transverse sections 
of the leaves show five vascular resin canals. Wasscher (11) recognized a 
relationship between P. deflexus Ridley and P. salomoniensis in the leaf 
and fruit, but he distinguished the latter by its ‘‘non-deflexed leaves, with 
the midrib usually not channelled beneath.” In the leaf transverse sections 
I find these species similar, except for the smaller hypodermal fibers, 10-26 
pin diameter, in P. salomoniensis. 


18. Podocarpus deflexus Ridley, Fl. Malay Peninsula 5: 283. 1925; 
Florin, Svenska Vet.-Akad. Handl. III. 10: 279. 1931; Wasscher, 
Blumea 4: 427. 1941. 


A small tree, 5—8 m. tall, the divaricate branches with stout branchlets 
showing numerous leaf scars. Terminal buds large, globose, with the outer 
scales narrow-triangular and reflexed, the inner scales almost triangular 
and adpressed. Leaves densely crowded at the ends of the branches, 
strongly deflexed, thick-coriaceous, rigid, linear or linear-lanceolate, 10-27 
cm. long, 7-12 mm. broad, long-tapering to a shortly rounded (rarely 
acute) apex, gradually narrowing at the base to a very short petiole; mid- 
rib prominent above, broad and flat or deeply and broadly channelled be- 
low; margins of the blade sometimes recurved. Transverse sections of the 
leaves show 3—5 vascular resin canals, the center one often with the lumen 
closed due to the channel below and the outer pair located in the trans- 
fusion tissue; upper hypoderm of small groups of large fibers, 30-70 uw in 
diameter, and usually two fibers deep, no lower hypodermal fibers between 
the stomatal rows, vascular sclereids above and more rarely below the 
bundle, auxiliary sclereids in both palisade and mesophyll. Male cone buds 
1—3 in the upper leaf axils, globose; mature cones unknown. Female cones 
solitary in the upper leaf axils; peduncle thick, 9-15 mm. long; receptacle 
large and fleshy, up to 8 mm. thick. Seeds obovoid, narrowed at the base, 
11-12 mm. long, 8-9 mm. broad. 


DIsTRIBUTION: On rocky slopes, 1650-2300 m. altitude, in Gunong 
Tahan, Pahang. 


Malay Peninsula. PAHANG: Gunong Tahan, Ridley 16024 (+k). 


The leaves of both Podocarpus deflexus and P. salomoniensis are large, 
crowded, and have five vascular resin canals, but there are several striking 
differences. The former species has strongly deflexed leaves, which may be- 
come longer, and are twice as wide, with the midrib channelled below. In 
transverse section, the small groups of very large hypodermal fibers con- 
trast with the larger groups of much smaller fibers in a neat single layer in 
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P. salomoniensis. Podocarpus deflexus differs from P. neriifolius in its re- 
flexed leaves, five vascular resin canals and the large upper hypodermal 
fibers. These large hypodermal fibers of P. deflexus are most like those of 
P. polystachyus and its relatives but the latter species has only three 
vascular resin canals. Orr (9) also observed the interrupted upper hypo- 
derm of large fibers of P. deflexus, the absence of lower hypodermal fibers 
and the presence of auxiliary sclereids. He apparently did not see the five 
vascular resin canals as he reported no such condition for any species of 
Podocarpus. Florin (4) was impressed by the thick cuticle in this species. 


19. Podocarpus annamiensis, sp. nov. 


Arbor media, 5-12 m. alta; ramulis plerumque crassis, oppositis vel 
verticillatis; gemmis terminalibus ovatis vel saepe globosis, 2.5-4 mm. 
diametro, squamis exterioribus saepe quam alabastris longis, ad 5 mm. 
longis; foliis apicibus ramulorum congestis, erectis vel tantum interdum 
divaricatis, 4-10.5 cm. longis, 5-10 mm. latis, late linearibus vel lineari- 
lanceolatis, apicibus abrupte angustatis, obtusis, orbiculatis vel acutis, 
petiolo gradatim angustato, 2-6 mm. longo, marginibus interdum revo- 
lutis; strobilis masculis ex alabastris solitariis, vel 2—3-fasciculatis, ses- 
silibus, subglobosis, 1.5—3.0 mm. diametro, strobilis maturis ignotis; stro- 
bilis femineis solitariis, pedunculo 2-10 mm. longo; semine ovoideo in- 
ferne haud angustato, apice obtuso, apiculato vel orbiculare, 8-10 mm. 
longo, 6 mm. lato. 


DISTRIBUTION: Frequent summit tree of mountains in the coast range 
of Annam and Cochin China in Indochina and nearby Hainan. 


Indochina. ANNAM: Mt. Bana, Poilane 1561 (Type, A—2 sheets, +P—2 sheets) ; 
Mt. Bana, 25 km. from Tourane, Clemens 3475 (+A, NY, tP, uc); Nhatrang Prov.., 
Poilane 3541 (+p); Nhatrang Prov., Hoi Li, Chevalier 38692 (+P); Quang-tri 
Prov., massif de Dong-co-pah, Poilane 3541 (A). CocHIN CHINA: in cacumine 
montis Dink propé Baria, Pierre 354 (A—2 sheets, Ny—3 sheets); Biuh Biuh, Pierre 
354 (+p—5 sheets); Chin’a Chiang, prov. Bienhoa, Pierre 5532 (+A, +P—2 sheets). 
Burma: site unknown, Brandis 38 (+MEL). Hainan: in mountain forests, Liang 
63510 (A, tNy), Liang 65091 (aA, tNy, P), Liang 65554 (+Ny-juvenile), Liang 
65555 (NY), C. Wang 35031 (A, NY); Ng Chi Leng, Fan Yah, Chun & Tso 44217 
(A, tNy); Lingshiu, How 73776 (tA). 


The trunks of the trees are usually 0.5-1 m. in diameter with dark 
brown bark. The outer scales of the terminal bud are broadly triangular, 
keeled, stiff, erect with apex acute and apiculate or acuminate; the inner 
scales are shorter with rounded or minutely apiculate apex. The leaves 
are usually straight but are sometimes falcate, and rarely they may be up 
to 18 cm. long and 20 mm. wide; the midrib is from broadly prominent to 
flat above, rarely narrowly prominent, and below it may be broadly prom- 
inent, flat or even channelled. The pollen cone buds are found in the axils 
of the lower leaves of the new growth and the bud scales are tightly ap- 
pressed, broadly triangular, stiff, with obtuse to acute apices and scarious 
margins, strongly keeled. The young cones are greenish white. The female 
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cones are axillary and widely scattered; receptacle 4-8 mm. long, of two 
fused fleshy almost equal scales with free tips. 

Podocarpus annamiensis differs from P. neriifolius, which is found in 
nearby regions, in the smaller stiff leaves which are crowded toward the 
ends of the twigs and in the abruptly obtuse or acute apex of these leaves. 
The habit and shape of the leaves is much like that of P. macrophyllus 
but it differs from this species (see no. 29) in the leaf anatomy. The 
stiff leaves also suggest P. polystachyus, but this is a tree of the strand 
rather than of the mountains, and the pollen cones occur in clusters of as 
many as five. 

Transverse sections of the leaves of Podocarpus annamiensis show three 
vascular resin canals with the median one usually very small and the 
lateral very large and conspicuous, vascular fibers both above and below 
the bundle, upper hypodermal fibers 20-40 u in diameter, very rare or in 
small groups and always interrupted at the midrib, hypodermal fibers 
absent between the stomatal rows, auxiliary sclereids in the mesophyll not 
abundant, cuticle thick. The two large lateral vascular resin canals dis- 
tinguish transverse sections of this species from the three mentioned above. 
It is also distinguished from P. macrophyllus by the auxiliary sclereids 
and usually only one layer of palisade mesophyll. 

The specimens listed from Annam and Cochin China are all quite sim- 
ilar. Poilane 11121 with falcate narrower leaves deviates the most from 
the type specimen. Upper hypodermal fibers are quite rare in Pierre 354 
and abundant in Poilane 3541. Auxiliary sclereids have not been ob- 
served in the mesophyll of leaves from Pierre 354. Arnold Arboretum and 
New York Botanical Garden herbarium specimens of Pierre 354 bear 
labels giving the site as Mt. Dink near Baria but the Paris Museum speci- 
mens give the site as Mt. Biuh Biuh. 

The smaller-leaved specimens from Hainan have a more sharply acute 
apex to the leaves. Transverse sections of the leaves show abundant hypo- 
derm and thick palisade which is often in more than one layer. The large- 
leaved specimens from the same locality have auxiliary sclereids only on 
the lower side of the leaf. Herbarium labels of these specimens indicate 
larger trees than those in Annam, reaching 16 m. in height and 3 m. in 
diameter. 


20. Podocarpus archboldii, sp. nov. 


Ramuli aliquando crassi, verticillati; alabastris terminalibus magnis 
globosis, squamis exterioribus late triangularibus ad 6 mm. longis, apicibus 
obtusis, recurvatis, marginibus tenuibus scariosis; foliis 3-9.5 cm. longis, 
5-11 mm. latis, apicibus acutis vel acuminatis, marginibus revolutis; stro- 
bilis masculis 3-4 mm. latis; semine sphaeroideo, sine crista distincta. 

A tree 6-38 m. high, 60-90 cm. in diameter with gray scaly bark 2-4 mm. 
thick and shallowly fissured. Leaves crowded, erect to patent, coriaceous, 
narrowly lanceolate, almost sessile or narrowed to a petiole 2 mm. long, 
green above, paler and brownish beneath; midrib narrowly prominent 
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above, broader below. Pollen cone buds axillary, solitary, sessile or on short 
2-3 mm. peduncles, large, globose, with obtuse scales. Female cones 
on stout peduncles 3-14 mm. long, solitary, axillary; receptacle of several 
thick fleshy fused scales, 7-8 mm. long, subtended by 2 deciduous bracts 
2-3 mm. long. Seeds sometimes up to 15 mm. long, 13 mm. wide. 


DIsTRIBUTION: Occasional trees in high primary rain-forests of New 
Guinea, 1820-3000 m. altitude, more common at the higher altitudes. 


New Guinea. NETHERLANDS NEw GUuINEA: Idenburg River, 4 km. SW of 
Bernhard Camp, Brass 13121 (Type, 2 +a, LAE); 15 km. SW of Bernhard Camp, 
Brass 11946 (@ +A, LAE); 18 km. SW of Bernhard Camp, Brass 11946A (8a, 
+LAE); 9 km. NE of Lake Habbema, 2800 m. Camp, Brass & Versteegh 10452 
(ta). TERRITORY oF New Gurnea. Morobe District: Samanging, Clemens 
9503 (+A), 9525 (+A), Mt. Sarawaket, Clemens 10073 (+A). Eastern Highlands 
District: above Goroka, J. Leahey’s logging area, Womersley & Floyd NGF6137 
(A, ¢LAE) ; Wai, High country, Jacobs NGF53 (+1aE). Papua. Central Division: 
Wharton Range, Murray Pass, Brass 4605 (+a, BRI), Mt. Tafa, Brass 5118 
(tNY). 

In New Guinea this species is distinguished from Podocarpus neriifolius 
by smaller leaves with revolute margins and from P. pilgeri by larger 
leaves with gradually acute or acuminate tips. The large globose terminal 
buds distinguish it from both species. 

Transverse sections of the leaves show three vascular resin canals, an 
interrupted upper hypoderm of fibers of medium diameter, hypodermal 
fibers rarely between the stomatal rows, vascular fibers both above and 
below the bundle, and usually no auxiliary sclereids in the mesophyll. Only 
Jacobs NGF53 and Brass & Versteegh 10452 show rare auxiliary sclereids. 

Clemens indicated that his specimen 10073 from Mt. Sarawaket had red 
fruit. Brass & Versteegh 10452 had a seed of larger size, 15 mm. long and 
13 mm. wide. 

This species is dedicated to Mr. Richard Archbold who sponsored the 
expedition to New Guinea on which this species was first found. 


20a. Podocarpus archboldii var. crassiramosus, var. nov. 


Arbor gracilis, 8-20 m. alta; ramulis crassissimis, alabastris terminalibus 
magnis, globosis vel globosi-ovatis, supra 5 mm. diametro; foliis congestis 
tenue lanceolatis, apicibus longe acutis, interdum acuminatis 6-13 cm. 
longis, 7-11.5 mm. latis; strobilis masculis ignotis; strobilis femineis soli- 
tariis, pedunculo 6-11 mm. longo; semine globoso-elliptico, ad 10 mm. 
longo et 9 mm. lato, apice rotundato vel obtuse apiculato. 

Outer scales of terminal buds triangular, keeled, erect, to 9 mm. long, 
with long acute or acuminate tips which are sometimes recurved. Leaves 
divaricate, straight or falcate, gradually narrowing to short, thick petioles 
at the base and with long, acute tips; midrib narrowly prominent above, 
flat or even channelled below. Female cones axillary among lower leaves 
of new growth; receptacle of 2—3 fused fleshy scales with free tips, 6-8 mm. 
long, and subtended by 2 small subulate bracts. 
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DistRIBuTION: In high mountain forests of New Guinea, 1850-2650 m. 
altitude. 


New Guinea. NETHERLANDS NEw GUINEA: 9 km. NE of Lake Habbema, 
Brass 10874 (Type, +A, LAE); Wissel Lake Region, s. of border of Lake Paniae, 
foot of Mt. Poti, Eyma 4538 (+A). Territory oF New Guinea. Western High- 
lands District: Al River mountains, Nondugl, Womersley NGF5361 (+A, LAE). 
Eastern Highlands District: Chimbu, Cavanaugh NGF3329 (+LAE). Morobe 
District: Oberamnang, Clemens 5434 (+A); Sattelberg, Clemens 2276 (A); Mongi 
valley, below Salawaket, Lane-Poole 524 (+BRI). 


This variety differs from the species in the very thick twigs and widely 
spreading leaves which do not have revolute margins. The hypodermal 
fibers are somewhat larger. Transverse sections of the leaves of Cavanaugh 
NGF3329 and Lane-Poole 529 have three very large vascular canals and 
the latter specimen has two smaller ones in addition. Auxiliary sclereids 
were seen only in Clemens 5434 and Eyma 4538. 


21. Podocarpus nakaii Hayata, Ic. Pl. Formosa 6: 66. 1916; Pilger, 
Nat. Pflanzenfam. ed. 2. 13: 248. 1926; Florin, Svenska Vet.-Akad. 
HandlMills 10: 279. 1931. 


A tree with terete, glabrous branchlets. Terminal buds globose, outer 
scales short, 3 mm. long, with acute or short-acuminate spreading tips. 
Leaves crowded at the ends of twigs, spreading, linear-lanceolate or 
linear, 5-10 cm. long, 8-11 mm. broad (sometimes up to 14 mm. broad), 
straight or falcate, shiny above, paler beneath, the apex acute or shortly 
attenuate, at the base gradually narrowing to petioles 5 mm. long; midrib 
broadly prominent or flat above, rarely narrow, very broad below. Trans- 
verse sections of the leaves show 3 vascular resin canals (sometimes ob- 
scure), upper hypoderm of few and scattered small fibers 13-28 p» in 
diameter interrupted at the midrib, no hypodermal fibers between the 
stomatal rows, vascular sclereids absent above and rare below the bundle, 
auxiliary sclereids absent. Pollen cones unknown. Ovulate cones solitary 
in the leaf axils; peduncles 2—7 mm. long; receptacle fleshy and subtended 
by two thick triangular bracts 1.5 mm. long, 1 mm. wide. Seed oblique- 
globose, crested, 1 cm. long, 8 mm. thick. 


DISTRIBUTION: Known only from Formosa on mountain slopes. 


Formosa: Hassen-zan, Kanehira 21184 (A, tuc, UCLA); Sui-sya, Kanehira 740 
(tuc) ; Rengeti, Hayashi 21208 (a, Ny, tuc), Kanehira 316 (a); Nanto, Tahiken, 
Wilson 9935 (A-5 sheets, tus), Wilson in 1918 (e); above Shushu, Wilson 10023 
(a-3 sheets); around Honsha, Wilson 9937 (a-3 sheets); Shinchiku Prov., 
forests beyond Nanoaherzan, Wilson 10319 (+a). 


Podocarpus nakaii, according to the description, differs from P. nerii- 
folius by the very short (2-4 mm.) peduncle of the fruit and the short, 
thick triangular bracts subtending the receptacle; and I find the terminal 
buds have shorter acute scales. The peduncles on Kanehira 740, however, 
are 7 mm. long. Transverse sections of the leaves show thicker palisade 
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than is found in P. neriifolius. As Orr (9) suggests, the species is not 
readily distinguished from P. macrophyllus by means of leaf anatomy. 


22. Podocarpus rumphii Blume, Rumphia 3: 214. 1847; Gordon, Pine- 
tum 282. 1858, ed. 2. 346. 1875; Carriére, Traité Conif. ed. 2. 663. 
1867; Parlatore, DC. Prodr. 16: 515. 1868; Bertrand, Ann. Sci. Nat. 
V. 20: 59. 1874; Van Tieghem, Bull. Soc. Bot. France 38: 169. 1891: 
Warburg, Monsunia 1: 193. 1900; Pilger, Pflanzenreich IV. 5(Heft 
18): 81. 1903, Bot. Jahrb. 54: 210. 1916, Nat. Pflanzenfam. ed. 2. 
13: 248. 1926; Foxworthy, Philip. Jour. Sci. 6: 164. 1911; Dallimore 
& Jackson, Handb. Conif. 55. 1923, 1931, 80. 1948; Wasscher, 
Blumea 4: 432. 1941. 


A tree 20-33 m. high with straight branches and subverticillate twigs. 
Terminal buds on the twigs globose or ovate, with thick, keeled outer scales 
which are acute or acuminate, rarely obtuse. Leaves erect or patent, 
coriaceous, linear-lanceolate, straight or subfalcate, more or less abruptly 
narrowing to the short-angustate (rarely caudate-acuminate) apex, nar- 
rowing abruptly to the short thick petiole, 6-25 cm. long, 10-29 mm. broad, 
margins parallel or nearly so; midrib broadly prominent above or scarcely 
evident, less so below. Transverse sections of the leaves show 3 vascular 
resin canals, interrupted upper hypoderm with fairly small fibers, no hypo- 
dermal fibers between the stomatal rows below, almost always vascular 
fibers but rarely auxiliary sclereids. Male cones axillary, solitary or clus- 
tered 1-3, sessile, or on short 1.5—3 mm. peduncles, strobili to 4 cm. long, 
3 mm. in diameter. Microsporophylls nearly ovate-triangular, apiculate. 
Female strobili solitary, axillary; peduncle 2-16 mm. long; receptacle of 
2—4 fused fleshy scales with narrow, obtuse free apex, subtended by 2 sub- 
ulate bracts, 6-10 mm. long, 3.5—8 mm. in diameter. Seeds 1 or 2, globose- 
ellipsoid, grayish when ripe, 10-13 mm. long, not crested. 


DISTRIBUTION: Usually a mountain tree in forests of Borneo, New 
Guinea and some of the smaller islands in this region. 


Borneo. British NortH Borneo. Mt. Kinabalu: Gurulau Spur, Clemens 
50691 (a, tpm, tuc); Penibukan Ridge, Clemens 50051 (A, uc), For. Dept. 
2174, Apostal sn. (Uc). SARAWAK: Bidi Cave, near top of mountain, Clemens 
20656 (+NY). SouTHEAST BorNEO: Sampit, Buwalda 7793 (+A), peak of Balik- 
papan, Kostermans 7408 (+LAE). JAMBONGAN IsLaNnD: Sanakan, Cabiling, For. 
Dept. 3710 (uc). 

Moluccas. Weda, Weda, Anon. Boschpr. bb24924 (a). Morotat: G. Pare 2, 
Kostermans 1210 (A, LAE). AROE ISLANDS: Dosinamalaoe, P. Kobroor, Boschpr. 
bb 25289 (a), Buwalda 4988 (+A); Selibatabat, P. Wokam, Boschpr. bb 25415 
(+a), Buwalda 5271 (+a); Wakatoebi, P. Oedjir, Boschpr. bb25438 (ta). Am- 
BOINA: Robinson 309 (NY). 

New Guinea. TreRRITORY oF NEw GuinEA. Sepik District: Aitape, Smith 
NGF1241 (srt, +LAE-2 sheets). Eastern Highlands District: Aiyura, Smith 
NGF1102 (srt, tLAE); Tumoma River, Masters 1341 (+sr1); Chimbu, Cava- 
naugh NGF3336 (+A). Morobe District: Matap, Clemens 11133 (+A). Papua. 
Central Division: Rona, Brass 6208 (+A); Koitaki, Carr 12842 (+a). Gulf 
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Division; Kikori River delta, Hart NGF4545 (+Lat-2 sheets). Milne Bay Dis- 
trict: Misima Island, Schacht NGF2762 (+8RI, LAE). 
Solomon Islands. SAN CRISTOBAL: ridge forest, Logie BSIP357 (+LAE). 


The description for this species was taken from the specimens examined 
and from Pilger (1903). These specimens all show leaves with a broad, 
scarcely prominent midrib and abruptly acute apex which distinguish 
Podocarpus rumphii from P. neriifolius; I find that these characters also 
distinguish it from P. ledermannii. Wasscher (11) included in P. rumphi 
specimens of P. philippinensis and some specimens from Celebes which I 
am excluding from P. rumphii. 

The male specimen, Buwalda 7795, has solitary sessile, globose male 
cone buds. The seeds on the female specimens are very immature. 
Wasscher includes Clemens 50691 and 50051 under P. neriifolius, but the 
broad midrib and the leaf anatomy are so like Buwalda 7795 that these 
should both be considered as P. rumphii. Cabiling s.n. has a narrowly 
prominent midrib and caudate-acuminate apex on the leaves, but their very 
large size, 19.3 cm. long and 24 mm. wide, suggest that it is a juvenile 
example of this species. 

Orr (9) examined the leaf anatomy of Podocarpus rumphu in transverse 
section and described lower hypodermal fibers between the stomatal rows. 
I do not know what specimens he used, but I found a few fibers only in 
Smith NGF1102. 

Wasscher’s description excluded caudate-acuminate apices of the leaves, 
but I find that some specimens which have such leaves must be included 
in P. rumphi. 

The specimens listed from the Moluccas have large, broad leaves with 
nearly parallel margins and tips abruptly acute or acuminate. The mid- 
rib is broadly or scarcely prominent above. One of the specimens with 
seeds, Buwalda 4988, has peduncles 6-16 mm., longer than the type, and 
the seed is up to 13 mm. long. The male cones are solitary or clustered 
and sessile or short peduncles in Kostermans 1210 and Buwalda 5271. 

Most of the specimens from New Guinea had been tentatively ascribed 
to Podocarpus neriifolius, but the very broadly prominent upper midrib 
and the parallel margins of the leaves proved to be satisfactory criteria for 
their inclusion in P. rumphii. The foliage on these specimens is usually 
much larger. 

Smith 1102, from Aiyura, is a sterile specimen with very large drooping 
leaves clustered at the tips of the twigs and reminds one of Podocarpus 
deflexus from the Malay peninsula. Transverse sections of the leaves 
show 5 resin canals below the vascular bundle but the hypodermal fibers 
are smaller, there are no auxiliary sclereids and the lower hypodermal 
fibers are fairly numerous; these are not characteristics of P. deflexus. 


23. Podocarpus costalis C. Presl, Epimel. Bot. 236. 1849; Pilger, Pflan- 
zenreich IV. 5(Heft 18): 78. 1903, Pflanzenfam. ed. 2. 13: 248. 1926; 
Florin, Svenska Vet.-Akad. Handl. III. 10: 279. 1931; Dallimore & 
Jackson, Handb. Conif. 42. 1931, 64. 1948. 
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Tree or shrub (?) with thick, short, densely leafy spreading branch- 
lets. Terminal buds short, 2-2.5 mm. long, ovate with thick, stiff, keeled, 
closely appressed scales with obtuse apex, as long as the bud. Leaves 
erect to patent, crowded, coriaceous, oblanceolate, sometimes rounded, ob- 
tuse, or even emarginate at the apex, narrowing rather gradually from 
above the middle to a short, thick petiole, 3.8-7.0 cm. long, 7-10 mm. 
broad; midrib broadly prominent above, rarely embedded in shallow 
grooves, below broad and scarcely evident or shallowly impressed. Trans- 
verse sections of the leaves show uniformly three vascular resin canals, 
interrupted upper hypoderm, no hypodermal fibers between the stomatal 
rows and no auxiliary sclereids. Male cone buds subglobose, 2—2.5 mm., 
solitary, sessile, with obtuse-rotundate outer scales; mature cone thick 
cylindric, 3 cm. long. Female cones solitary, axillary; peduncles 2 mm. 
long; receptacle of two fused fleshy equal scales with rounded tips, 7 mm. 
long, subtended by two very minute bracts. Seed elliptical, obtusely 
crested at the tip, dark when dry, 7-9 mm. long. 


DIsTRIBUTION: Shores of several of the Philippine Islands and Formosa. 


Philippine Islands. BaBuyAN IsLANps: Dalupiri, Bartlett 15138 (a), 15192 
(+a). Batanes IstANDs: Mahatow, For. Bur. 80397, Ramos (+Ny). PoLiLLo 
IsLAND: For. Bur. 29682, Salvoza (+Ny, uc). Bucas IsLAND: For. Bur. 5268, 
Merrill (+Ny). Formosa: Isl. Koto-syo, Mori 315 (+A). 


The description of Podocarpus costalis was drawn up from the specimens 
cited and from Pilger’s description (1903). The only likely suggestion as 
to the locality of the original collection by Haenke is Luzon, but I have seen 
no other collections of this species from there. The only specimen included 
here which has been examined previously is For. Bur. 5268, Merrill; it 
was placed in P. polystachyus by both Foxworthy and Wasscher in spite 
of the spatulate shape of the leaves. Foxworthy’s description (5) under 
P. costalis is referred to P. pilgeri since all of the specimens he used are 
cited under that species, no doubt rightly, by Wasscher (11). 

Podocarpus costalis differs from P. polystachyus in the thick, spatulate 
leaves which are usually erect on the twigs. Transverse sections of the 
leaves show more abundant upper hypodermal fibers of smaller diameter 
in P. costalis. Orr (9) included P. costalis with those species having lower 
hypodermal fibers but I did not find these in any case. Both species are 
found at sea level in coastal areas. 

The Formosan specimen (Mori 315) differs from the others in having 
vascular fibers. 


24. Podocarpus thevetiifolius Zippel, Flora 12: 287. 1829 (nomen!) ; 
Blume, Rumphia 3: 213. 1847; Carriére, Traité Conif. ed. 2. 669. 
1867; Parlatore, DC. Prodr. 16: 518. 1868; Gordon, Pinetum ed. 2. 
349. 1875; Warburg, Monsunia 1: 192. 1900; Pilger, Pflanzenreich 
IV. 5(Heft 18): 79. 1903, Bot. Jahrb. 54: 210. 1916, Nat. Pflanzen- 
fam. ed. 2. 13: 248. 1926; Dallimore & Jackson, Handb. Conif. 56. 
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1923, 1931, 83. 1948; Florin, Svenska Vet.-Akad. Handl. III. 10: 
280. 1931; Wasscher, Blumea 4: 462. 1941. 


A small tree, 10-23 m. tall, with numerous, scattered, sometimes oppo- 
site spreading branches. Vegetative buds small, ovate-acute; bud scales 
adpressed, acute, 1.5 mm. long. Leaves scattered below, but closely 
crowded near ends of twigs, thin-coriaceous, lanceolate, acute or obtuse 
at the apex, rarely mucronate, gradually narrowing to a short petiole; 
midrib broad, flat, not prominent above, scarcely prominent below; mar- 
gins of blades not revolute, flat and [fide Wasscher (11)] with a distinct 
narrow shining line along the margins, 2.5-8 cm. long by 5—9 mm. wide. 
Transverse sections of the leaves show an interrupted upper hypoderm of 
very large fibers, no hypoderm fibers between the stomatal rows, vascular 
fibers usually present above the bundle, auxiliary sclereids absent in the 
mesophyll. Pollen cones unknown. Female cones axillary, solitary; pedun- 
cles slender, 3-8 mm. long; receptacle [fide Blume (1847) ] twice as thick 
as the seed. Seed ellipsoid, 10 mm. long. 


DISTRIBUTION: New Guinea. 


New Guinea. NETHERLANDS NEw GurneEA: Lobo, Zippel s.n. (tex Florin). 
Papua. Northern Division: Isuarava, Carr 15395 (+A). 


This species may be distinguished from those closely related to it by 
the small, thinner, flat leaves without prominent midrib above and the 
small terminal buds with very short scales. The margins of the leaves are 
not revolute as in Podocarpus archboldu. In both specimens the diameter 
of the hypodermal fibers is large, sometimes up to 70 p. 


25. Podocarpus forrestii Craib & W. W. Smith, Notes Bot. Gard. Edin- 
burgh 12: 219. 1920; Dallimore & Jackson, Handb. Conif. 46. 1923, 
1931, 69. 1948; Florin, Svenska Vet.-Akad. Handl. IIT. 10: 279. 1931. 


A shrub up to 3.5 m. high with fairly stout branches. Vegetative buds 
small, ovate. Leaves 3.5—5.4 cm. long, 6.5-9 mm. wide, oblong or oblong- 
lanceolate, obtuse or rounded at the apex, gradually narrowing at the 
base into a short, winged petiole, dark green above, pale beneath; midrib 
broadly prominent above. Pollen cones unknown. Female cones usually 
solitary in the leaf axils, pedicels 8 mm. long, ovule on a short fleshy re- 
ceptacle. Mature seeds unknown. 


DIsTRIBUTION: Eastern and western sides of the Tali Range in western 
China. 


China. YUNNAN: Tali Range, Forrest 6852 (+8). 


Podocarpus forrestii is distinguished from P. macrophyllus var. maki by 
its dwarf habit and shorter, broader leaves. The upper midrib is not as 
abruptly prominent. I have examined the transverse section of leaves from 
only one specimen and I find that the leaf anatomy is very similar to 
that of P. macrophyllus, its var. maki, and P. nakaii. The interrupted 
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upper hypoderm is of small fibers; rarely are there any vascular fibers, 
and I found no auxiliary sclereids. As the few differences seem to be 


only a matter of degree, it may well be that these are all forms of 
P. macrophyllus. 


26. Podocarpus pilgeri Foxworthy, Philip. Jour. Sci. Bot. 2: 259. 1907, 
6: 149. 1911; Pilger, Nat. Pflanzenfam. ed. 2. 13: 248. 1926; Florin, 
Svenska Vet.-Akad. Handl. III. 10: 280. 1931; Dallimore & Jackson, 
Handb. Conif. 54. 1931, 79. 1948; Wasscher, Blumea 4: 463. 1941. 


Podocarpus celebica Warburg, Monsunia 1: 92. 1900, non Hemsley 1896; 
Pilger, Pflanzenreich IV. 5 (Heft 18): 78. 1903. 

Podocarpus schlechteri Pilger, Bot. Jahrb. 54: 209. 1916, Nat. Pflanzenfam. 
ed. 2. 13: 248. 1926; Florin, Svenska Vet.-Akad. Handl. III. 10: 280. 1931; 
Wasscher, Blumea 4: 463. 1941. 

Podocarpus costalis auct. non Pilger, Foxworthy, Philip. Jour. Sci. Bot. 6: 
161. 1911. 


A small tree or shrub, 2-15 m. tall, rarely taller, with scattered or 
verticillate branches. Terminal buds ovate-acute with narrowly triangu- 
lar scales, sometimes long acuminate, keeled, to 4.5 mm. long. Leaves 
scattered or crowded near the tips of twigs, spreading, usually thick coria- 
ceous, rigid, usually flat, linear-lanceolate to oblong, cuneately or more 
gradually narrowed to the short petiole, abruptly or rather gradually nar- 
rowed to an acute apex, sometimes apiculate, 1.5-8 cm. long, 4-13 mm. 
broad; midrib narrow and sharply prominent above, keeled, flat, or even 
channelled below. Transverse sections of the leaves show 1-3 vascular 
resin canals, the central one sometimes being larger; the upper hypoderm 
is usually of large isolated fibers, sometimes several in a group and rare 
fibers on the lower side between the stomatal rows; vascular sclereids or 
fibers are usually present. Male cones solitary, axillary, subsessile, scales 
ovate-triangular and acute, cylindrical, 1.5—5 cm. long, 2-4 mm. in diam- 
eter; microsporophylls broadly triangular, apiculate with a scarious mar- 
gin. Female cones solitary, axillary; peduncles 3-12 mm. long; receptacle 
of two fused fleshy bracts, obtuse and free at the tips, 5-12 mm. long, 
3-7 mm. thick, subtended by a pair of subulate bracts 1.5—2 mm. long. 
Seed elliptic-globose, obtuse, 8—8.5 mm. long, 7 mm. broad. 


DIsTRIBUTION: Mountains between 1400-3000 m. altitude on islands 
from the Philippines to the Solomons, and one collection from Siam. 


Philippine Islands. Luzon: Tayabas, Mt. Banajao, Foxworthy, Bur. Sci. 2393 
(tny), Gates 7254 (tF), Copeland sn. (tuc); Lucban, Elmer 7778 (a, tMo, 
ny); Rizal, Loher in 1914 (tuc). Mrnporo: Mt. Halcon, Merrill 5754 (+ny, 
isotype). Necros: Canlaon Volcano, Merrill 241 (+a). Minpanao: Misamis 
Prov., Mt. Malindang, Mearns & Hutchinson, Bur. Sci. 4673 (+Br, tNy); Agusan 
Prov., Cababaran, Mt. Urdaneta, Elmer 14086 (A, F, GH, +MO, Ny, tUC) ; Bukid- 
non Subprov., Mt. Lipa, Ramos & Edano, Bur. Sci. 38500 (A). 

Celebes. Gowa, Lembaja, Boroe, Boschpr. bb20437 (a). 

New Guinea. NETHERLANDS New GuINEA: Idenburg River, Bernhard Camp, 
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Brass & Versteegh 13519A (+A-2 sheets); NE Lake Habbema, Bele River, 
Brass 11341 (+a, LAE); Subdistr. Manokwari, summit of Arfak Mountains, 
Vogelkop, Angi gita Lake, Kostermans 2161 (+A), 2236 (fA), 2509. (HA). 
Territory or New Guinea. Western Highlands District: Wahgi-Sepik Divide, 
Womersley & Millar NGF6980 (a, LAE); Wahgi-Jimmi Divide, Womersley 
NGF5316 (a, tLaE); Mt. Hagen, Cavanaugh NGF3324 (+LAE). Bismark Moun- 
tains, Schlechter 18780 (+Br, tuc). Morobe District: Wau-Mubo Road near 
Skindewai, Womersley & Millar NGF8341 (a, LAE); NE Oberamnang, Clemens 
4569 (A), 4696 (+a); Edie Creek, Womersley NGF5373 (a, tLAE); above Wau, 
McAdam NGF440 (srt, tLAE). Papua. Central Division: Mt. Tafa, Brass 4034 
(+ny); above the Gap, Carr 13721 (+a); Boridi, Carr 14563 (A), 14556 (4a); 
Mt. Obree, Lane-Poole 357A (+srt). Milne Bay District: Maneau Range, north 
slopes of Mt. Dayman, Brass 22811 (A). 

Solomon Islands. SANTA IsABEL IsLAND: Brass 3265 (+A). SAN CRISTOBAL 
IsLAND: on ridge, Logie NGF354 (LAE). 

Siam. Kao Knap, Krat, Kerr 17809 (+BM). 


This description has been limited to those specimens obtained from the 
higher altitudes. Therefore it includes all of the specimens from the 
Philippine Islands listed by Foxworthy (5) as P. costalis and which were 
later referred to P. pilgeri Foxw. by Wasscher (11). The name P. schlech- 
teri Pilger is still being retained by some workers for specimens with 
small, linear-lanceolate leaves which are pointed at both ends. There is so 
much variation, however, in the foliage of P. pilgeri, even within the 
same specimen, that these must be included here. 

Kerr 17809, from Siam, has exceedingly immature fruit, but the foliage 
is so like that of many specimens of Podocarpus pilgeri that I refer it to 
that species. It is said to be a small tree, 1.8 m. high, not uncommon in 
high evergreen forest. Transverse sections of the leaves show more abun- 
dant upper hypoderm fibers than most other specimens. This specimen 
and those from New Guinea often show a few auxiliary sclereids in the 
mesophyll, but these are lacking in the Philippine specimens. 


27. Podocarpus neriifolius D. Don ex Lamb. Pinus ed. 1. 1: 21. 1824, 
ed. 2. 22 122;-1828 Gn part). Endlicher, Syn, :Conit. 215. 218476 
Gordon, Pinetum ed. 1. 279. 1858, ed. 2. 343. 1875; Carriére, Traité 
Conif. ed. 2. 661. 1867; Parlatore, DC. Prodr. 16: 514. 1868; Bert- 
rand, Ann. Sci. Nat. V. 20: 59. 1874; Van Tieghem, Bull. Soc. Bot. 
France 38: 169. 1891; Kent in Veitch, Man. Conif. 152. 1900; Pilger, 
Pflanzenreich IV. 5(Heft 18): 80. 1903, Bot. Jahrb. 54: 210. 1916. 
Nat. Pflanzenfam. ed. 2.13: 248. 1926; Bernard, Beih. Bot. Centralbl. 
17: 293. 1904; Foxworthy, Philip. Jour. Sci. 2: 258. 1907, 6: 162. 
1911; Dallimore & Jackson, Handb. Conif. 52. 1923, 1931, 77. 1948; 
Wilson, Jour. Arn. Arb. 7: 41. 1926; Florin, Svenska Vet.-Akad. 
Hand]. III. 10: 279. 1931; Merrill, Contr. Arnold Arb. 8: 15. 1934; 
Wasscher, Blumea 4: 437. 1941. 


Myrica esquiroli Leveillé in Fedde, Rep. Sp. Nov. 12: 537. 1913; Rehder, 
Jour. Arnold Arb. 10: 108. 1936. 
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Podocarpus bracteata Blume, Enum. Pl. Javae 88. 1827-8; Van Tieghem, Bull. 
Soc. Bot. France 38: 169. 1891. 

Podocarpus discolor Blume, Rumphia 3: 213. 1847. 

Podocarpus junghuhniana Miquel, Pl. Junghuhn 1: 2. 1851; Van Tieghem, 
Bull. Soc. Bot. France 38: 169. 1891. 

Podocarpus leptostachya Blume, Rumphia 3: 214. 1847; Van Tieghem, Bull. 
Soc. Bot. France 38: 169. 1891. 

Podocarpus macrophylla var. acuminatissima Pritzl, Bot. Jahrb. 29: 213. 1900. 

Podocarpus neriifolius var. brevipes Pilger, Pflanzenreich IV. 5(Heft 18): 81. 
1903. 

Podocarpus neglecta Blume, Rumphia 3: 213. 1847. 


A medium sized tree up to 40 m. tall (rarely larger) with very spreading 
branches and numerous branchlets. Terminal buds ovate with ovate-trian- 
gular to long-subulate outer scales usually as long as or longer than the 
bud, 5-7 mm. long. Leaves scattered, usually large, 7-15 cm. long, 
9-13 mm. wide (sometimes longer and up to 19 mm. wide), straight or 
falcate, spreading, usually very gradually narrowing to an acute apex, and 
less gradually to a short petiole; midrib narrowly prominent above, broad 
and prominent below. Transverse sections of the leaves show 3 vascular 
resin canals below the bundle, vascular sclereids or fibers usually present 
above the bundle and more rarely below; no auxiliary sclereids, the inter- 
rupted upper hypoderm in small groups of from 1-7 fibers, 20-40 yw in 
diameter, no hypodermal fibers between stomatal rows, palisade mesophyll 
of a single layer. Pollen cones solitary, sessile, axillary, ovate, large, with 
usually thick, coriaceous, acute outer scales, the inner scales thinner and 
scarious, mature cones 2—8.5 cm. long, 2.5-4.5 mm. in diameter. Micro- 
sporophylls narrow, short, acute or obtuse, often apiculate. Female cones 
solitary in leaf axils, usually remote, peduncles 3-24 mm. long; the fleshy 
receptacle subtended by two subulate bracts 2—6 mm. long. Seeds 9-16 mm. 
long, narrow ovoid, sometimes globose but gradually narrowed toward 
the tip. 


DISTRIBUTION: Subtropical evergreen forest, 650-1300 m. altitude in 
the Himalayas, eastward into China, and south into the Malay Peninsula; 
on insular lands from Japan south into Java, west to Sumatra and the 
Andaman Islands, eastward as far as the Fiji Islands. 


India. NEPAL: Wallich 6052A (Type, +BM, tBr, tNy, tp), Wallich in 1818 
(MEL, MO), Anon. 1819 (BR), Scheidweiler sn. (+BR), Lambert 45 (+R), 
Martius in 1819 (+Br). Assam: Khasia, Jowae, Clarke 18362 (+A); Jaiutea 
Hills, Mann s.n. (A); tropical region, Hooker & Thomson in 1856 (+MEL, PH); 
Sibebiun (?), Thomson s.n. (GH); Masters s.n. (+P, tPH); Simons s.n. (+P). 
East BENGAL: Griffith 5006 (GH), Clarke 19721 (MEL). North Burma: Ngaw- 
chang Valley, N of Htawgaw, Ward 173 (+a, Ny); between Htawgaw and 
Lanyang, Ward 311 (ny). 

China. Western China, Wilson 3007 (A).SzECHWAN: Mt. Omei, Fang 2346 
(a, tny, P), Faber 985 (Ny). KweicHow: Tsunyi, Cheng 5317 (tny); Lo, 
Cavalerie 3463 (+a), 3465 (+P), Esquirol 3223 (+a, te). CHEKIANG: south of 
Ping Yung, R. C. Ching 1982 (+a, GH, tuc). YUNNAN: Seyemeo Ulo, Henry 
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12919 (a, +mo, Ny—-2 sheets). Kwancst: Me-kon, Seh-feng Dar Shan, S. Nan- 
ning, R. C. Ching 8417 (A-2 sheets, GH, tuc); Shang-sze Dist., Shap Man Taai 
Shan, Tsang 24761 (Mo, NY). 

Siam: Bangkok, Kerr s.n. (tpm); Kao Sem, Kouate, Kerr 9907 (+BM) ; 
Klawry Ton, Kerr 14586 (+3m); Kao Knap, Krat, Kerr 17833 (+pm); Garrett 
538 (+sm). Indochina. ANNAM: Tourane, Clemens in 1927 (+uc); Bordeneuri 
36731 (+P); Forest Service 48 (+P). Campopta: Poilane 15209 (+P). CocHIN 
Cuina: Chiang in Prov. Bienhoa, Pierre 5532 (+A, NY, +P); near Baria?, 
Pierre 5532 (A). 

Malaya. PERAK: Wray 2922 (A). PAHANG: Fraser Hill, Anon. 11024 (+A). 
PENANG: Government Hill, Haniff 334 (+pisH, Ny), Curtis 3079 (a); Balik 
Pulau, Hu 9422 (a); Tulo, Glandoger in 1906 (to). 

Japan. Kyusuu: Uruinai Prov., Higashikirishima, Wilson 6210 (A-2 sheets) ; 
no locality, Sargent in 1892 (a). LiuKiu Islands: Mt. Genka, Kunchon, Wilson 
8153 (A). Formosa: Shinchiku Prov. beyond Nauvaheizan, Wilson 10319 (A); 
Lake Candidius, Kanehira 21309 (a, uc). Philippine Islands. Luzon: Benguet, 
Mt. St. Tomas., For. Bur. 31479, Esquerra (+NY); Bontoc, Mt. Data, Clemens 
16251a (tcas, uc), For. Bur. 10894, Curran (Ny), For. Bur. 14422, Darling 
(ny); Tayabas, Mt. Binuang, For. Bur. 28635, Ramos & Edané (A). PoLtLio: 
McGregor 10779 (+Nv). 

South Andaman: Anderson 26, Kerr s.n. (+P); Dr. King 208 (a). Sumatra: 
NW Lake Toba near Piso Piso, Bangham 1116 (+A, NY); road from east coast 
to Tapanoeli, Bangham 1128 (a, +Ny); Tapanoeli, Sipirok, Panobasan, Dk. 
Poehoeten Lajan, van Steenis Boschpr. bb 30986 (Mo). Mentawei Islands: Pulau 
Siberoet, Sebai-bai, Anon. Boschpr. bb 17444 (A). Borneo: southern part, Kor- 
thals sn. (+MEL). 

Java. Prov. PREANGER: above Tjibodas, Christopherson 156 (+BIsH), Koor- 
ders 12438 (a); Pangentjongan, forest Pasir Kajoejoetan, Koorders 265538 
(ta-3 sheets), Koorders 12608 (A); Tjitjalengka, Koorders 142068 (ta); 
Parakansalak, G. Poetri, Tjikramat, Koorders 394058 (A); Tjilaki, southeast 
Java, Forbes 924 (a, ¢MEL); Semarang Oengaran, Koorders 12238 (pri); Mt. 
Kaukuban, Prau, Anderson 69 (+MEL); Tjikramat, Warburg 2678 (+Nny); 
G. Tiloe, Pengalengan, Warburg 11118 (Ny); Boerangrang, Goenseng Soenda, 
Bakhuizen Van den Brink 4586 (uc). Without locality: Martius s.n. (+pr), 
Blume sn, (Ny), Junghuhn 2 (+cH) Zollinger 2019 (sm, +MEL), Anon. (+MEL-3 
sheets). 

New Guinea. NETHERLANDS NEw GUINEA: Japen, Seroei, Boschpr. bb30698 
(ta), bb30699 (a), bb30727 (+mo), bb30803 (a), bb30903 (a); Dalman, Nabire, 
Kanehira & Hatusima 12266 (A). TERRITORY OF New Guinea. Sepik District: 
Yellow River hills near Sepik River, Womersley NGF3937 (LAE-2 sheets), 
Womersley NGF3919 (+LAE-2 sheets). Eastern Highlands District: Aiyura 
Range, Womersley NGF3374 (LAE). Madang District: Kani Gebirge, Schlechter 
16740 (uc). Morobe District: Boana vicinity, Clemens 8158 (ta); Morobe, 
Womersley NGF3128 (+BRI, LAE). Papua. Western Division: Palmer River 
below junction of Black River, Brass 7299 (a, +LaAE); Oriomo River, Wurio, 
Brass 5907 (+A, BRI, CAS, MO, NY), 5908 (+A, BRI, NY); above sawmill, Hart 
NGF5019 (+Lae). Gulf District: Murua River, Brass 1344 (a). Northern 
Division: foothills of Hydrographer Range near new Inoto village, Hoogland 
3845 (+LAE) ; foothills of Hydrographer & Owen Stanley Range, Lane-Poole 238 
(A, +BRI), 275 (A, +Br1); Ioma, Manbare River, Allen & Martin NGF3283 
(A, tBRI, LAE); Dobodura Plain, near Embi Lakes, Cavanaugh & Fryar NGF2087 
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(BRI-2 sheets, LAE-2 sheets). Central District: Kokoda Track Plantation near 
Sogeri, Womersley NGF4158 (+a, LAE); Sogeri, Smith NGF132 (+srt); Uberi, 
Eilogo Mill, 1 Aust. Ore. NGF E.24 (srt), Anon. NGF48 (1az); Hombron 
Bluff, near Pt. Moresby, Gray & McDonald NGF7137 (tia). Milne Bay Dis- 
trict: Milne Bay area, Dawa Dawa River, Smith NGF1322 (+Lar). Goodenough 
Island: east slopes, Brass 25023 (A). New Britain: Mavalu River, Anon. 
NGF2897 (+A, +LAE). Solomon Isiands. Matarra: Dingali, interior from Quoi- 
Pree Kajewski 2370 (A, +BISH, BM, BRI). NEw Gerorcia: Waterhouse 209 
(+k). 

Fiji Islands. Virr Levu: Mba, Singatoka River, Gillespie 3866 (Ds, Ny, +uUC, 
us) ; hills between Nandala and Nukumuku creeks, Smith 6167 (a, t1LL); Naita- 
sirl, vicinity of Nandarivatu, Gillespie 4033 (+pIsH), 4281 (+BIsH); Sovuta- 
wambu, Degener 14670 (+A, MO, Ny, US); woods near road part Tamavua Village, 
Gillespie 2143 (+BISH); Prince’s Road forest, Parham 805 (+A); Namosi, Voma 
Mountain, Gillespie 2910 (+BIsH), Naitarandamu Mt., Gillespie 3363 (+BISH). 
VanuA Levu: Mathuata, Seanggangga Plateau in drainage of Korovuli River, 
vicinity of Natua, Smith 6721 (a, tILL); south slopes of Mt. Numbiuloa, east 
of Lambasa, Smith 6385 (A, +1LL), Smith 6570 (A, tILL). VANUA MBALANU: 
Bryan 575 (BisH, tILL). Tavtunrt: Somo Somo, Gillespie 4840 (+BISH, NY, 
uc). OVvALAU: near summit of range west of Levuka, Gillespie 4433 (+BIsH, 
tuc). Neau: hills inland from Sawaieke, Smith 7783 (tus). Exact locality not 
indicated: Anon. U. S. South Pacific Expl. Exped. 1838-43 (+us). 

Without locality: Horsfield Herb. sn. (GH), Anon. (cH), Kurz (ex Herb. 
Sulp. Kurz) (A). 

Cultivated. JAPAN: Oldham in 1861 (GH), Hort. Grieb., Anon. in 1849 (mo). 
CEYLON: Peradeniya Gardens, Galston 2486 (tuc). Java: Hort. Bogor. V.F.33 
(GH, NY), Bot. Hard. Buitenzorg, Sargent in 1903 (A). ENGLAND: Kew Royal 
Botanic Gardens, Cook in 1937 (ILL). 


The preceding description of Podocarpus neriifolius D. Don is limited 
to specimens from Nepal (the type locality), Bengal, Assam and northern 
Burma. This species has such a wide geographical range and varies so 
much from the type that it can be best understood by consideration of 
the specimens from separate regions. Podocarpus neriifolius occurs on the 
continent of Asia in China, to the east, and in Siam, Indochina and the 
Malay Peninsula, to the south, and on islands from Japan in the north, 
southward to Sumatra and Java, and eastward through Malaysia to the 
Fiji Islands. 

Transverse sections of leaves of specimens from Nepal show leaves thin, 
often to the point that some, or all three of the vascular resin canals 
are obscured beyond recognition. There are no true auxiliary sclereids in 
the mesophyll but the cell walls are frequently thickened, without pits, and 
in many leaves the cells are large with little cytoplasm. Sometimes the 
upper hypoderm, between the margin and the midrib, exists as only a 
few isolated fibers of medium or even small diameter. 

In China, the foliage is usually large and like that of the trees in Nepal. 
However, Fang 2346 and Esquirol 3223 have smaller leaves, not over 
8 cm. long and 7.5 mm. wide, but the long-angustate apex is like that of 
the type, thus placing them in this species. Transverse sections of the 
leaves show essentially similar anatomy. The upper hypoderm is more 
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abundant and in larger groups of fibers (up to 24) and vascular fibers 
are rarer above the vascular bundle. Fang 2346 shows a few hypodermal 
fibers between the stomatal rows and this specimen and Cheng 5319 have 
rare auxiliary sclereids in the upper and lower mesophyll. The male cones 
are sessile and are usually in fascicles of two or three. 

The terminal buds of the Siamese specimens are larger than the twig, 
globose, with broad triangular scales, the outer of which are shorter than 
the bud. The leaves are large, those of Kerr 17833, Kerr 9907 and Garrett 
538 being over 14 cm. long with a gradually narrowing acute apex. Kerr 
17833 has the narrowest, not over 10 mm. wide. Kerr 14586 has wide 
leaves which narrow abruptly to a caudate acuminate apex. In all of 
them, the upper midrib is quite broadly prominent and the leaves are 
thicker as shown in the transverse sections by the often doubled palisade 
parenchyma. The upper hypodermal fibers are in small groups, sometimes 
up to 55 p in diameter, and are not interrupted at the midrib. In Kerr 
14586 the hypodermal fibers interrupt the palisade which is then replaced 
by large cells with little cytoplasm. Auxiliary sclereids are found in the 
lower mesophyll. 

Podocarpus neriifolius also occurs in Indochina and Cambodia. The 
Clemens specimen is said to represent “scattered trees along the river,” 
and has leaves only 10 mm. wide. The leaves of all specimens are scat- 
tered and have the long-tapering acute apex typical of the species. Trans- 
verse sections of the leaves do not always show vascular fibers and only 
the Clemens specimen and one of Pierre 5532 have auxiliary sclereids be- 
low the accessory transfusion tissue. Pierre 5532 needs special comment, 
for two taxa are included under this number and the labels record two dif- 
ferent collection sites, both questioned on the specimens. There are a num- 
ber of sheets bearing this number in the herbaria of the Arnold Arboretum, 
the New York Botanical Garden and the Paris Museum, and, of these, 
only the specimens with large, scattered leaves having a long-tapering apex 
are P. neriifolius. The others are P. annamiensis, a new taxon in which the 
leaves are straighter, stiffer, somewhat more crowded, much smaller with 
more abruptly acute apices and the transverse leaf sections show two 
very large lateral vascular resin canals instead of three of almost uniform 
size. 

Of the specimens from Malaya, Anon. 11024 has very wide leaves with 
the apex abruptly narrowing to a caudate-acuminate tip and long acum- 
inate-attenuate terminal bud scales. The upper hypodermal fibers are 
solitary or in very small groups and are rarely interrupted at the midrib. 
In Anon. 11024 the palisade mesophyll is undeveloped but cells with 
dense cytoplasm lie between the upper hypodermal fibers. Leaves of the 
Glandoger specimen usually show two additional lateral vascular resin 
canals which are associated with the transfusion tissue and the upper 
hypodermal fibers are scant. 

Kanehira 21309 from Formosa is not Podocarpus nakaii. It most closely 
resembles the specimens of P. neriifolius from the Fiji Islands. 

On Luzon, in the Philippines, the leaves have very abundant upper hypo- 


1958] GRAY, REVISION OF PODOCARPUS, XI 465 


dermal fibers with few or short interruptions in Clemens 16251a and For. 
Bur. 31479, but on Polillo, McGregor 10779, they are rare and in small 
groups of 1-4 fibers. There are rare lower hypodermal fibers between 
the stomatal rows in For. Bur. 31479. In leaves of Clemens 16251a the 
palisade is often a double layer, rare in this species. 

West of the Malay Peninsula, Podocarpus neriifolius has been collected 
from South Andaman Island. The leaves are thin and wide with a caudate- 
acuminate apex. Transverse sections of the leaves of Kerr s.n. show upper 
hypodermal fibers in small groups, also interrupted at the midrib, and 
a palisade of short dense cells between the fibers. 

Transverse sections of leaves of plants of this species from Sumatra 
usually have solitary scattered upper hypodermal fibers and the hypoder- 
mal layer is interrupted at the midrib. Leaves of Bangham 1128 show a 
few auxiliary sclereids below the accessory transfusion tissue. The leaves 
of this specimen also have abruptly caudate-acuminate apices. 

Most of the Javan specimens are like those from Nepal. Some have 
an abruptly acuminate or caudate apex to the leaf, especially if the foliage 
is quite large. The Martius specimen has leaves with the two lateral vas- 
cular resin canals larger than the central one. Two specimens, Reinwardt 
s.n. and Anderson 69, have five vascular resin canals, the two extra lateral 
ones being very near or in the transfusion tissue. Transverse sections of 
the leaves show the interrupted hypoderm with fibers averaging a little 
larger than those of the type, often scattered or even isolated; there are 
lower hypodermal fibers between the stomatal rows only in the Reinwardt 
specimen; auxiliary sclereids only in Koorders 265538. 

Only one of the specimens which I have seen from Borneo, Korthals s.n., 
has the narrowly prominent midrib on the upper side of the leaf which 
is characteristic of Podocarpus neriifolius. This specimen has also terminal 
bud scales with long-acuminate or even foliaceous tips, to 1 cm. long. 
Blume cited this as one of the specimens in his P. leptostachyus, which 
has been placed in the synonymy of P. neriifolius by Pilger (1903). The 
Melbourne herbarium specimen, which I examined, has a solitary, ex- 
panded but very narrow male cone. 

This species is a fairly common tree in New Guinea and seems to reach 
higher altitudes there than in other areas. Characteristics which were 
found most useful in delineating the species were the slender branches, 
the leaves with margins not parallel and with long-tapering acute or acumi- 
nate apices, a sharply prominent upper midrib, transverse sections show- 
ing three vascular resin canals, interrupted upper hypodermal fibers be- 
tween the stomatal rows, and the lack of auxiliary sclereids in the meso- 
phyll. The terminal bud varied from ovate to globose and the length of 
the bud scales did not seem to be critical. Male cone buds are small and 
usually in sessile clusters of one to three. 

Other species of this group in New Guinea are P. thevetiifolius, P. rum- 
phii, P. ledermannii, P. archboldii and P. idenburgensis. Reference to the 
key will indicate the essential differences. 

The leaves of the specimens of Podocarpus neriifolius from the Solo- 
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mon Islands are thin, broad and have a very acute or caudate-acuminate 
apex and the seeds are large, up to 14 mm. long. Transverse sections of the 
leaves show upper hypoderm and palisade as in the Borneo specimen. 

Some of the specimens from the Fiji Islands cannot be clearly differen- 
tiated from the type of Podocarpus neriifolius in Nepal and thus are in- 
cluded in this species. With this inclusion the geographical range for 
P. neriifolius is greater than that of any other species. Podocarpus 
oleifolius in South and Central America extends for an almost equal dis- 
tance north and south of the equator but. there is little range of longitude. 
Here, in the Fiji Islands, P. neriifolius is a tree found in either open or 
dense forests at altitudes usually of less than 500 m. The leaves are 
quite thick and coriaceous, sometimes only 4 cm. long and 4 mm. wide on 
reproductive branches, and the margins tend to be revolute. The broad 
lower midrib may have an open groove, and transverse sections always 
show auxiliary sclereids. The pollen cones are usually clustered and ses- 
sile. Many of these specimens have been marked as P. elatus, a species 
which differs distinctly in having abruptly acute or obtuse, often mucronate 
tips to the leaves and continuous upper hypoderm is seen in transverse 
sections. One specimen, Gillespie 2143, has the immature seed elongate 
with a conspicuous crest and an elongated beak at the micropyle. 


27a. Podocarpus neriifolius var. atjehensis Wasscher in Blumea 3: 
450. 1941. 


A small tree, 15 m. tall, with stout branches. Terminal buds large, the 
outer scales long-acuminate, to 10 mm. long, tips spreading. Leaves 
crowded, deflexed or drooping, linear-lanceolate, 7-18 cm. long, 5—-8.5 mm. 
wide, very gradually narrowed to an acute, sometimes mucronate, apex, 
gradually narrowing to a short petiole at the base; midrib narrowly prom- 
inent above, sometimes limited by shallow grooves on either side, broadly 
prominent below. Transverse sections of the leaves show three vascular 
resin canals with the lateral sometimes larger and the median obscured, 
interrupted upper hypoderm of isolated fibers 23-37 » in diameter, the 
layers interrupted at the midrib both above and below, rare vascular fibers 
only above the bundle, cuticle thick. Male cones solitary, axillary, sessile; 
scales acute-acuminate, up to 5 mm. long; mature cones 2-3 cm. long, 
4—4.5 mm. thick. Female cones solitary in the leaf axils, crowded in the 
lower part of new growth; peduncles slender, 8-16 mm. long; receptacle 
narrowly fleshy, 7-9 mm. long, subtended by long bracts, up to 6 mm. 
Seed sub-elliptical, 9-10 mm. long, 7-8 mm. broad, apex obtuse. 


DISTRIBUTION: In Atjeh in Sumatra, at elevations of 2250-3300 m. 
Sumatra: Atjeh, Gajolanden, G. Kemiri, Van Steenis 9614 (+a). 


The above description was prepared from the type specimen, the only 
example seen. 
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27b. Podocarpus neriifolius var. degeneri, var. nov. 


Frutex vel arbor parva; ramulis sparsis, subverticillatis; gemnis termi- 
nalibus magnis, ovoideis, squamis exterioribus attenuatis, e basi lato 
crescentibus. A specie differt foliis parvis maturis, plerumque minusquam 
10 mm. Iatis. 

Shrub or small tree; branches few, subverticillate; terminal vegetative 
buds large, ovoid, the bud scales with apices acuminate to long-attenuate 
or abruptly narrowed to a long apiculus. Leaves patent to spreading, thin- 
coriaceous, 6-12 cm. long, 6-10 mm. wide, linear-angustate, shiny above, 
dull-rusty beneath, the apices narrowly acute, the bases narrowed into 
short petioles; leaves on young shoots to 18 cm. long, 17 mm. wide. Trans- 
verse leaf sections show 3 vascular resin canals, hypodermal fibers of 
somewhat smaller diameter than those of the species, vascular fibers rarely 
present and auxiliary sclereids lacking in the mesophyll. Pollen cones 
axillary on growth of the previous year, sessile, cylindrical, up to 3 cm. 
long, 3-3.5 mm. in diameter, surrounded at the base by numerous thin, 
carinate, broadly ovate scales which are sometimes apiculate; microsporo- 
phylls with small, narrow, up-turned apiculi. Female cones axillary, soli- 
tary, on slender peduncles 7-12 mm. long, the receptacle of several fused 
scales, 8 mm. long, with small, spreading free tips, subtended by a pair 
of slender, thin, attenuate bracts up to 5 mm. long, and bearing 1-2 ovules. 
Seeds 9-12 mm. long, elongate, 5 mm. wide, bluntly crested; immature 
seeds narrowed at the base. 


DISTRIBUTION: along streams in forests, 40-800 m. altitude, on Viti 
Levu in the Fiji Islands. 


Fiji Islands. Vitr Levu: Mba, Nandarivatu, Degener 14272 (TYPE, tA, MO, 
NY, US); Unidawa Road near Nandala River, Gillespie 4137 (+BISH, +DS, NY, 
uc); hills between Nggaliwana and Nandala creeks, south of Nauwange, A. C. 
Smith 5665 (A, tILL), 5666 (A, tILL); 3 miles south in valley of Nandala Creek, 
A. C. Smith 6254 (a, +1LL); Gillespie 4129 (+BIsH); Singatoka River, Gillespie 
4282 (+BISH, US); forest at headwaters of stream which runs to Navua, Gillespie 
4250 (+BISH, NY, UC); Lautoka Mts., Greenwood 50A (+a, BRI, NY), 45A 
(a, BRI); Namosi, above Waikava, Parham 1701 (+A); Nandina River, Gillespie 
2531 (+BIsH, UC); Waikava, Parham 2154 (+A); Serua, banks of Navua River, 
Gillespie 3382 (+BIsH, UC). Locality not indicated: Seeman 575 (+cH). Horne 
792 (+cH). Cultivated. Vitt Levu: Exp. Sta. 17 m. east of Suva, Buchholz 
sn. (FILL). 


27c. Podocarpus neriifolius var. polyanthus Wasscher, Blumea 4: 
455. 1941. 


Tree to 40 m. tall, slightly fluted toward base. Terminal buds large, 
conical; outer scales acuminate or only acute, erect, stout, often shorter 
than the bud. Leaves spreading, more or less coriaceous, straight or some- 
what falcate, lanceolate, gradually narrowing to a short petiole, abruptly 
or more gradually narrowing to the acute apex, 6-16 cm. long, 13-20 mm. 
broad (only 6-9 cm. long, 7—-8.5 mm. broad in New Guinea); midrib 
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narrowly prominent, broader and sometimes furrowed below. Male cones 
unknown. Female cones numerous, all over the new growth, in the axils 
of bracts as well as in those of the leaves and above the leaf scars; the 
few bracts sessile with a broad base, acute, to 1.5 cm. long, 2.5 mm. broad; 
peduncles thick, 1.5—5 mm. long; receptacle subtended by 2 subulate bracts 
to 3 mm. long, composed of 2—4 fused fleshy scales, only 1—2 fertile, short 
and thick cylindrical, 6-7 mm. long, 4-5 mm. broad. Seeds elliptical-ovate, 
10 mm. long, 6 mm. in diameter. 


DisTRIBUTION: In Sumatra (fide Wasscher) and New Guinea in rain 
forests, alt. 100-600 m. 


New Guinea. Papua: Milne Bay District, Smith NGF1322 (+prt). 


The specimen cited above has abundant very young ovules on the new 
growth at the twig tips. Dormant buds are connate to globose with short 
triangular obtuse scales. The leaves are small for Podocarpus neriifolius 
but they have the general shape of the species. Transverse leaf sections 
show the anatomy typical of P. neriifolius with interrupted upper hypo- 
derm of small fibers and no hypodermal fibers between the stomatal rows 
of the lower side. One of the sectioned leaves shows a loosely organized 
palisade layer on the lower side of the leaf. This has not been found in any 
other specimen in Section Podocarpus. 


27d. Podocarpus neriifolius var. teysmannii Wasscher, Blumea 4: 
453. 1941. 


Podocarpus Teysmannii Miquel, Fl. Nederl. Indié 2: 1072. 1859; Parlatore, 
DC. Prodr. 16: 516. 1868; Gordon, Pinetum ed. 2. 348. 1875; Pilger, 
Pflanzenreich IV. 5(Heft 18): 81. 1903; Dallimore & Jackson, Handb. 
Conif. 56. 1923, 1931; Florin, Svenska Vet.-Akad. Handl. III. 10: 280. 1931. 


A small tree with stout twigs. Terminal buds globose, flattened, with 
short, outer scales 2-3 mm. long, these closely appressed, rigid, broadly 
triangular, with obtuse-acute apex. Leaves scattered, spreading, broadly 
lanceolate, 8.5-17 cm. long, 16-26 mm. wide, abruptly narrowing to 
a short, thick petiole at the base, also abruptly narrowing to the caudate- 
acuminate apex; midrib very broadly prominent above, ridged, flat, prom- 
inent or even channelled below. Male cone buds solitary in the leaf axils, 
globose, large, 3 mm. in diameter; mature cones unknown. Female cones 
and seeds unknown. 


DISTRIBUTION: At sea level or low altitudes on Sumatra and nearby 
islands. 


Sumatra: Teysmann 513 (tex Florin, Berlin Herbarium); sea coast, Teysmann 
5.n, (MEL), Teysmann s.n. ({MEL); Tapanoeli, Angkola en Sipirok, Panobasan, 
Dk. Poehoetan Lajan, Boschpr. bb30986 (mo). Bangka: kajoe sembliang, Teys- 
mann s.n. (+MEL). Karimata: Teysmann s.n. (+MEL-2 sheets). 


According to Wasscher (11), who combined this taxon with Podocarpus 
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neriifolius, var. teysmannii differs from the species chiefly in the globose 
terminal buds, the broadly lanceolate leaves with shortly acuminate apex, 
and the large male cone buds. 

Transverse sections of the leaves show anatomy in agreement with the 
species except for very rare auxiliary sclereids in the mesophyll between 
the accessory transfusion tissue and palisade layer. Orr’s description (9) 
of the leaf anatomy of Podocarpus teysmannii must be referred to P. philip- 
pimensis, since the specimen he used (Orolfo 3919 from the Selangen 
Islands) is here identified as the latter species. 

Large, broad leaves with a caudate-acuminate apex are also found in 
Siam, the Malay Peninsula, the Andaman Islands, the Solomon Islands, 
etc. Such specimens may belong in this variety, but at present are placed 
in Podocarpus neriifolius because the terminal bud is either ovate or can- 
not be observed. 

Wasscher (11) listed four varieties of Podocarpus neriifolius which must 
be recognized, although I have seen no specimens of any of these. They 
could not be included in the key to the species and varieties in this paper, 
therefore, but for completeness I quote the critical characters given by 
Wasscher and indicate the geographical location of each variety. Podo- 
carpus neriifolius var. bracteata Wasscher, from Java, ‘differs . . . in the 
large, ovate-acute, male flower buds, with squarrose, ovate-triangular, 
acute bud scales.” Podocarpus neriufolius var. linearis Wasscher, cited from 
four collections from Java, “differs . . . in the narrower leaves with mar- 
gins parallel, the obtuse terminal buds and the large, ovate, male flower 
buds.” Podocarpus neriifolius var. membranacea Wasscher, described from 
two collections from Celebes, “differs . . . in the membranaceous scales 
of the terminal buds and the ovate-acute male flower buds.” Podocarpus 
neriifolius var. timorensis Wasscher, described from a single collection from 
Timor, ‘differs . . . in the indistinct, not or hardly prominent midrib, 
and the leaves shorter-narrowed toward the apex and often with a mucro, 
whereas the male flowers are thicker.” 


28. Podocarpus polystachyus R. Brown ex Mirb. Mém. Mus. 13: 75. 
1825 (nomen! ), ex Bennet in Horsf. Pl. Jav. Rar. 40. 1838 (nomen!) ; 
Endlicher, Syn. Conif. 215. 1847; Gordon, Pinetum ed. 2: 345. 1865; 
Carriére, Traité Conif. ed. 2, 662. 1867; Parlatore, DC. Prodr. 16: 
515. 1868; Bertrand, Ann. Sci. Nat. V. 20: 59. 1874; Warburg, Mon- 
sunia 1: 192. 1900; Pilger, Pflanzenreich IV. 5(Heft 18): 79. 1903, 
Nat. Pflanzenfam. ed. 2. 13: 247. 1926; Merrill, Philip. Jour. Sci. 3: 
394. 1908; Foxworthy, Philip. Jour. Sci. 6: 161. 1911; Stiles, Ann. 
Bot. 26: 455. 1912; Dallimore & Jackson, Handb. Conif. 54. 1923, 
1931, 79. 1948; Florin, Svenska Vet.-Akad. Handl. III. 10: 280. 
1931; Wasscher, Blumea 4: 456. 1941. 

Podocarpus littoralis Teysmann, Nat. Tijdschr. Ned. Ind. 36: 237. 1876. 
P. littoralis Hort. ex Biswas, Jour. & Proc. Asiatic Soc. Bengal [Calcutta] II. 


PA Biloh, MOE 
P. neriifolius D. Don in Lamb. Pinus ed. 2. 2: 122. 1828. 
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A small tree up to 20 m. tall with a trunk up to 45 cm. in diameter and 
numerous subverticillate spreading twigs. Terminal buds ovate with keeled, 
narrow, acuminate, stiff scales sometimes becoming 10 mm. long. Leaves 
scattered, usually crowded toward the tips of the branches, coriaceous, 
shiny above, usually lanceolate to linear-lanceolate, flat, 4-8 cm. long, 
6-10 mm. wide (rarely somewhat wider), abruptly narrowed to the mostly 
obtuse apex, sometimes mucronate, gradually narrowing at the base to a 
short petiole; midrib prominent above, broader and sometimes shallowly 
channelled below. Cross sections of the leaves show 3 vascular resin canals, 
interrupted upper hypoderm of very large fibers up to 70 » in diameter, 
lower hypoderm absent between stomatal rows, vascular sclereids usually 
present above or below the bundle (mostly absent in Philippine specimens. 
Pollen cones fascicled 3—5 in leaf axils, sessile, cylindrical, 2—-4.5 cm. long, 
2.5—-3 mm. in diameter, surrounded at the base by small, broad, spreading 
scales. Microsporophylls broadly ovate-triangular, acute to somewhat 
obtuse. Female cones axillary, solitary on peduncles 3-6 mm. long; re- 
ceptacle of two fused fleshy scales, one somewhat shorter than the other, 
subtended by 2 subulate, early deciduous bracts. Seed globose or elliptical, 
about 10 cm. long. 


DISTRIBUTION: Low elevations, often coasts, of islands south and east 
of the South China Sea, and the Malay Peninsula. 


Philippine Islands. Luzon: Ilocos Norte, Burgos, Bur. Sci. 27146 Ramos 
(+a); Tayabas, Bur. Sci. 27325 Quieb (ta, NY), Bur. Sci. 26902 Edano (BRI); 
For. Bur. 24264 Cagayan (A). PALAWAN: For. Bur. 3854 Curran (+Ny), For. 
Bur. 904 Foxworthy (Ny). NEGROS: western part, Masias, Sareno & Torrible 
in 1925 (tuc). Mindanao: Davao, Pendesan, Kanehira 2623 (Ny). 

Malaya. PAHANG: Henderson 18420 (tuc); Kioala, Ridley 1441 (+pBM). 
Putau TioMaAn: Telok Paya, Anon. s.n. (tuc). SINGAPORE: Barnes’ Island, 
G. L. Smith sn. (Type, tBM); Forest de Kranjo, Langlasse 72 (+P); Wallich 
6052B (mo, te); Mangrove swamp at New John’s Street, Sargent in 1903 (a-2 
sheets); Serangoon, Ridley 3367 (+MEL); Hooker & Thomson s.n. (GH). 

Borneo. Teysmann s.n. (}MEL). British NortH BoxNeEo: Kuala Penyu, For. 
Dept. 1798, Apostal 35 (tuc); Jesselton, Clemens 51171 (tuc), 9659 (A, BRI, 
GH, tuc—2 sheets), 9568 (A); Native collector 2353 (a); Foxworthy s.n. (tus). 

Bangka: Teysmann s.n. (+MEL—2 sheets). 

Cultivated. MALAy PENINSULA: Singapore, Bot. Gard., Furtado in 1931 (+sr1). 
Java: Buitenzorg Bot. Gard., Warburg 1210 (+Ny), V.F. 1, from Lingga, Sar- 
gent in 1903 (ny, tuc-3 sheets), Anon. s.n. (tps), V.F. 17a, from Lingga, 
Sargent in 1917 (Ny, uc), Sargent in 1903 (A-2 sheets, +mo-3 sheets); Bohn’s 
Garden at Buitenzorg, Sargent in 1903 (A-2 sheets). Arrica: Kisantu, Jardin 
Agronomique, Vanderyst 31936 (+Br), Vanderyst 31949 (+Br), Vanderyst 36983 
(+BR); Belgian Congo, Eala, Corbisier-Baland 1136 (+sr, K, Mo, +Ny), Cor- 
bisier-Baland 1353 (+BR, K, MO). 


Podocarpus polystachyus is quite distinct in having often isolated, ex- 
tremely large upper hypodermal fibers seen in transverse leaf sections. 
This character, together with the linear-lanceolate, rigid leaves and the 
male cones in bundles of 3-5, make possible the positive identification of 
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the Corbisier-Baland and Vanderyst specimens from cultivation in Africa. 
Determination of the former had been questioned and of the latter un- 
known. 

Transverse sections of the leaves do not show auxiliary sclereids in 
upper or lower mesophyll. However, some cells of the lower mesophyll 
have thickened and pitted walls but are not devoid of cell contents (except 
Henderson 18420). 

The description of Podocarpus polystachyus by Wasscher (11) was the 
first to include specimens from the Philippine Islands. Foxworthy (5) 
took his description from that of Pilger (1903) which was, in turn, from 
specimens from the Malay Peninsula and Borneo only. Why Foxworthy 
was not certain that this species was distinct from P. elatus R. Br. is not 
clear except that the leaves of both are often mucronate. The leaves of 
P. elatus are larger, have parallel margins and the upper hypoderm of much 
smaller fibers is continuous. 


28a. Podocarpus polystachyus var. rigidus Wasscher, Blumea 4: 460. 
1941. 


Leaves thick-coriaceous, very rigid, more lanceolate and broader with 
margins not parallel, 3—-7.5 cm. long, 8-14 mm. broad; midrib strongly 
prominent above, often distinctly, broadly and shallowly channelled be- 
neath. 


DISTRIBUTION: Riouw Archipelago and Borneo, on mountain slopes and 
summits. 


Borneo: western part, G. Kelam, Hallier 2373 (+Ny). 


Wasscher (11) described this variety as differing from the species in 
its leaf shape, the species having narrower, linear-lanceolate leaves. I 
do not find this difference so striking; many specimens having some leaves 
of the described shape must be assigned to the species, the leaves of which 
may be up to 13 mm. broad. However, in an examination of the transverse 
section of a leaf fragment from Hallier 2373, I find abundant large sclereids 
in the upper mesophyll which are entirely absent in the species. Some of 
the lower mesophyll cells show the same thickening of the walls as ob- 
served in the species proper. The shallow channel of the lower midrib 
of this specimen is so constricted as to eliminate the central vascular 
resin canal. 

That Podocarpus polystachyus var. rigidus is found on mountain slopes 
and summits is more striking than the small differences in leaf anatomy. 
The habitat of the species is limited to the low elevations of sea coasts 
and estuaries. 


29. Podocarpus macrophyllus (Thunb.) Don in Lamb. Pinetum ed. 
1.2: 22. 1824, ed. 2.2: 123. 1828; Endlicher, Syn. Conif. 216. 1847; 
Blume, Rumphia 3: 215. 1847; Carriére, Traité Conif. 664. 1867; 
Parlatore, DC. Prodr. 16: 517. 1868; Sieb. & Zucc. in Miquel, Fl. 
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Japon. 2: 70. 1870; Bertrand, Ann. Sci. Nat. V. 20: 59. 1874; Mah- 
lert, Bot. Centralbl. 24: 281. 1885; Van Tieghem, Bull. Soc. Bot. 
France 38: 169. 1891; Shirasawa, Essenc. Forest. Japon. 1: 31. 1899; 
Warburg, Monsunia 1: 192. 1900; Kent, Vietch’s Man. Conif. 150. 
1900; Pilger, Pflanzenreich IV. 5(Heft 18): 79. 1903, Nat. Pflanzen- 
fam. ed. 2. 13. 1926; Bailey, Cult. Evergreens 179. 1923; Dallimore 
& Jackson, Handb. Conif. 49. 1923, 1931, 73. 1948; Florin, Svenska 
Vet.-Akad. Handl. III. 10: 279. 1931; Metcalf, Fl. Fukien 1: 20. 
1942. 


P. chinensis Blume, Rumphia 3: 216. 1947 non Wall.; Mahlert, Bot. Centralbl. 
24: 281. 1885; Florin, Svenska Vet.-Akad. Handl. III. 10: 279. 1931. 

Podocarpus chinensis Wallich ex Parlatore, DC. Prodr. 16: 516. 1868. 

Taxus macrophylla Thunberg, Fl. Japon. 176. 1784. 


A tree 8-15 m. tall, with horizontal branches and numerous, crowded, 
leafy twigs. Terminal buds ovate, small, the scales ovate with acuminate 
tips. Leaves crowded, straight, green above, paler beneath, linear-lanceo- 
late, apex long-angustate, acute or obtuse, gradually narrowing at the 
base to a short petiole, 5.3-10.3 cm. (usually 8-10) long, 6-10 mm. (usu- 
ally 9-10) broad; midrib prominent above and rather broad, fairly prom- 
inent and broader below. Transverse sections of the leaves show 3 resin 
canals below the vascular bundle, interrupted upper hypoderm of very 
small fibers (16-20 » in diameter), no lower hypodermal fibers between 
the stomatal rows, palisade of 2—3 layers of cells, vascular fibers often 
present below the vascular bundle and auxiliary sclereids usually absent 
from the mesophyll. Pollen cones fascicled 3-5, sessile, very narrow-cylin- 
dric, up to 3 cm. long, surrounded at the base by broad triangular, stiffly 
coriaceous scales. Microsporophylls obtuse with distinct apiculus. Female 
cones solitary, peduncles 16-17 mm. long; receptacle of 2—3 fused fleshy 
scales with free tips, subtended by 2 small, narrow, subulate scales 3-4 mm. 
long. Seeds ovoid, 10-12 mm. long. 


China. Kiancsu: Soochow, Dang Wei, Ching & Tso 785 (A); Kunshan, 
Mrs. Tsiang Ying 1 (Ny). SzEcHWAN: Fang 1963 (A). CHEKIANG: 20-40 
miles west of Wenchow, Ching 1892 (+uc); Wenchow, Ling Kan, Univ. Nan- 
king 7308 (tuc); Yen Tang Shan, Chiao, Univ. Nanking 4737 (a, ny, tuc); 
Nan-Hoo, H. H. Hu 191 (cu); King Yuan, Ching 2439 (Ny, tuc). CHUSAN: 
Home s.n. (mo). ANWEI: Chemen, Chung 3124 (a). Kiancst: south of Nan- 
chong, Sang-su-ling, Chung 2 (A); Lu Shan, Chiao 18760 (A). FuKien: Amoy, 
Kulangsu, Chung 5775 (a); Puchen, Chung 3865 (A). Kwanctunc: Koo Long 
Ue, McClure B-2 (ny); Canton, Chun 7731 (Ny). YUNNAN: between Muang 
Hai and Keng Hung, Rock 2495 (a), Bonati 1802 (tuc). KwetcHow: Tsunyi, 
Tsiang 5317 (A, NY). 

Japan. HonsHu: Mt. Maya, Settsu, Arimoto in 1903 (+mo); Idsu (ex 
Herb. Sokurai), Wilson in 1910 (A). KyusHu: Tairashima, Kawanabe Island, 
Ushio in 1917 (+A); Nagasaki, Anon. (ex Herb. Th. Porter) (pH), Maximowicz 
in 1863 (GH, +Ny-2 sheets). Loo CHoo Istanps, Wright 310 (cH, NY). 

Cultivated. CHINA: Kwangtung, Tak-Hing, Heung Shan, C.C.C. 13193, 
McClure (tuc). Japan: Hondo, Wilson in 1911 (ex Herb. Sakurai) (A); Mino 
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Prov., Shioto 8743 (A), Ugai Kichigoro 4440 (a). PHtLipPINE IsLanps: Luzon, 
Manila, Fenix 161 (A). NEPAL: Netla Thuret 1889 (a). StncaporE: G.T. (ex 
Herb. Hook. & Thomson) (cH). Sw1rzERLAND: Locarno, Bot. Gard., Baenitz in 
1905 (ILL). ENGLAND: Kew, Royal Bot. Gard., Cook in 1937 (1tL). Unirep 
States: New York Bot. Gard. 3750, from C.P. 1900, Hartling in 1919 (11); 
California, Goleta, Anon. sn. (+1LL). West InprEs: Jamaica, Chinchona Gar- 
dens, Buchholz in 1946 (1LL); Trinidad, Roy. Bot. Gard., Ewan 17014 (+mo); 
Tobago, Castleton Gardens, Harris 45, 50, Broadway 2934 (x). 


Transverse sections of the leaves of Podocarpus macrophyllus and its 
varieties are ordinarily quite easily recognized by the thick, usually doubled, 
layer of palisade mesophyll and the interrupted upper hypoderm of small 
fibers. This is very useful as the species is highly successful in cultivation 
and the original source of the material has frequently long been forgotten. 
Often it seems to be misidentified as P. elongatus, an African species, 
which has distinct marginal resin canals. 

Stiles (10) selected the leaf of Podocarpus macrophyllus for his de- 
scription of the anatomy most typical of Podocarpus. That the plant 
he used was probably the variety maki does not invalidate the description, 
for the leaves have the same anatomy and are merely shorter and narrower. 
He indicated that he observed “slight” differences in the quantity of trans- 
fusion tissue, accessory transfusion tissue and sclerenchyma in P. elatus 
and P. polystachyus, but attributed these differences to external conditions. 
I find, however, on examination of a larger number of specimens, that 
continuous upper hypoderm is a consistent character of P. elatus, and the 
hypodermal fibers are much larger in diameter in P. polystachyus. Orr (9) 
found that the above characters provided distinguishing differences for 
these species. 


29a. Podocarpus macrophyllus var. angustifolius Blume, Rumphia 
3: 215. 1847; Pilger, Pflanzenreich IV. 5(Heft 18): 80. 1903. 


This variety differs from the species in having narrower leaves which 
are quite variable in length, being both shorter and longer on a single plant 
than the extremes for the species. The linear-lanceolate leaves have also 
a more tapering apex. 


DistTRIBUTION: A few specimens from both China and Japan but best 
known from cultivation in the United States. 


China. Kwanctunc: Canton Christian College Herb. 13193 (+uc); Canton, 
Read (pH). Krancsu: Tungtin, Soochow, Tai Hu Lake, Ching & Tso 730 (A). 
North Burma: Nmai Hka Valley, Ward 521 (A). Japan. HonsHu: Yamato 
River in Nara Park, Wilson 7855 (a); Kanagawa-Ken, between Kamakura & 
Zushi, Beattie & Kwihara 10449 (a). Hacutjo Istanps: Wilson 8391 (A). 
Locality not indicated: Anon. (ex Herb. Lugd. Batav.) (+BR-2 sheets, Ny). 

Cultivated. Japan: LiuKiu Islands, Yokohama Nursery, Wilson s.n. (a). 
Java: Zollinger sn. (+BR). AustTRALIA: Brisbane Bot. Gard., White 9283 (a). 
Europe: Germany, Hannover Bot. Garden #6, Zabel in 1892 (A). WeEsT 
InpiEs: Tobago Bot. Station, Broadway 2934 (F, +mo-2 sheets, Ny); Trinidad, 
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Port of Spain, Broadway in 1933 (a); Trinidad, St. Augustine, Baker 14554 
(TRIN); Martinique, Basse Pointe, Duss 2096 (tNy). Cusa: Prov. Santa Clara, 
Harvard Trop. Gard., Jack 8353 (A, NY, US). Unirep States. California: Los 
Angeles, Buchholz in 1940 (a, +1LL-3 sheets), Buchholz in 1942 (+ILL), van 
Rensselaer 1713 (111), Brown in 1938 (cas), Rollins & Chambers in 1938 
(cH), Turner in 1926 (cas); San Francisco, Golden Gate Park Arboretum, 
Buchholz in 1942 (+111), Walther in 1942 (a); Santa Barbara, Orpets Nursery, 
van Rensselaer 1718 (+1LL). Texas: Houston, Fisher 44301 (F). New Jersey: 
New Brunswick, Rutgers Greenhouse 1B, Johnston in 1952 (tRuT), from CU1, 
Atkins Garden, Cuba, Johnston in 1952 (+rut). New York: Botanical Garden 
Greenhouse #3635 from D.P.M. 1900, Nash in 1905, #3750 from D.P.M. 1900, 
Taylor in 1906, #15022 from Edinb. 1902, Taylor in 1905 (ny). 


Podocarpus macrophyllus var. angustifolius is widely cultivated in south- 
western and southern United States where it is used mostly in trimmed 
hedges, sometimes as a shrub or small tree. It is also extensively used as 
a green foliage in floral arrangements. It frequently passes under the names 
P. chinensis or P. sinensis, and is commonly called the “Southern Yew.” 


29b. Podocarpus macrophyllus var. chingii, var. nov. 


Arbor columnaris, 8 m. alta, ramulis adscendentibus; foliis crassis rigidis, 
oblanceolatis, 1.2-3 cm. longis, 3-4 mm. latis, valde gradatim attenuatis 
in petiolo brevissimo, apicibus plerumque obtusis, marginibus interdum 
revolutis; strobilis masculis alabastris globosis, 1.5 mm. diametro, 1-3- 
fasciculatis, squamis tenuibus, late triangularibus, obtusis, imbricatis, stro- 
bilis maturis tenuibus, ad 2.5 cm. longis; strobilis femineis ignotis. 

Tree with trunk up to 10 cm. in diameter; bark fibrous and brown; 
young twigs green. Terminal! buds very small, conical; outer scales only 
up to 3 mm, long, carinate, somewhat tapered to the thick apex, the tips 
occasionally spreading. Leaves small, densely crowded, erect, linear-oblong 
to narrowly spatulate, the apex acute to rounded, the midrib very sharply 
prominent above, broader and flat below. 


DISTRIBUTION: Known from only the type locality, in Chekiang, China. 


China. CHEKIANG: 55 Chinese miles (li) west of Lung-sien, alt. 100 m., 
Ching 2477 (Tver, +A). 


The striking columnar habit and the very small leaves distinguish this 
variety. It most closely resembles Podocarpus macrophyllus var. maki, the 
foliage being a miniature of that variety. The foliage does not differ greatly 
from that of P. brevifolius which has the leaves mostly larger and taper- 
ing more quickly toward the base. The latter species, however, is a tree 
with stout, spreading branches and solitary male cones. 


29c. Podocarpus macrophyllus var. maki Endlicher, Syn. Conif. 216. 
1847; Sieb. et Zucc. in Miquel, Fl. Japon. 2: 70. 1870; Dallimore & 
Jackson, Handb. Conif. 49. 1923, 1931, 74. 1948. 


Podocarpus macrophyllus ssp. maki Sieb. Naamlijst 35. 1844; Pilger, Pflan- 
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zenreich IV. 5 (Heft 18): 80. 1903, Nat. Pflanzenfam. ed. 2. 13: 248. 1926; 
Wasscher, Blumea 4: 461. 1941. 

Podocarpus chinensis Wall. in Endl. Syn. Conif. 215. 1847; Blume, Rumphia 
3: 216. 1847; Bertrand, Ann. Sci. Nat. V. 20: 59. 1847; List N.6051 ex 
Carriére, Traité Conif. ed. 2. 658. 1867; Parlatore, DC. Prodr. 16: 516. 
1868; Warburg, Monsunia 1: 192. 1900. 

Podocarpus japonica Sieb. Ann. Soc. Hort. Pays-Bas 35. 1844. 

Podocarpus makoyi Blume, Rumphia 3: 215. 1847. 

Podocarpus miquelia Hort. ex Parlatore, DC. Prodr. 16: 516. 1868. 

Podocarpus sinensis (?) Favre in Ann. Sci. Nat. V. 3: 379. 1865. 

Podocarpus vrieseana Hort. ex Parlatore, DC. Prodr. 16: 516. 1868. 


Small tree or shrub with erect branches and thickly leafy twigs. Leaves 
straight, erect to spreading, linear-lanceolate, obtuse or shortly angustate 
at the tip, gradually narrowing to the short petiole, 3.5-7 cm. long, 
4.5—-7 mm. wide; midrib narrowly prominent above. Male cones sessile, 
in clusters of 3-5 in upper leaf axils, strobili narrowly cylindrical, nearly 
filiform, 3—4.5 cm. long, 2-3 mm. in diameter; microsporophylls triangular, 
acute, apiculate. Female cones solitary in leaf axils on peduncles 5—11 mm. 
long; the fleshy receptacles of 2-3 fused scales subtended by 2 small 
subulate bracts. Seeds elliptical, 8-10 mm. long, 6—7 mm. in diameter. 

DistTRIBUTION: A few specimens of this variety from China, North 
Burma, Japan and Formosa seem to have come from wild habitats. It is 
best known from its successful wide cultivation not only in Japan, its 
probable source, but throughout the world in the milder climates. 


China. CHEKIANG: southern part, between Ping Yung and Tai Suan, Ching 
2168 (A, Ny, tuc); Tsing-Yun Dist., Peach Mountain, Keng 438 (a); Chusan 
& Ningpo, Capt. Home in 1892 (em), Ching 2439 (tuc). Kwantunc: Wat 
Shui Shan, Chun 7343 (a), Wang & Ling 7343 (tuc); Su-liu-kwan, Lofou 
Shan, Tsiang 1750 (A), Heunghsan, Chun 97 (ny); Canton, Anon. in 1889 
(tmo). Locality unknown: ex Herb. Prager, Anon. s.n. (tcas), Bonati & Lure 
1802 (+uc), ex Univ. Nanking, Chiao in 1925 (tuc). North Burma: ’Nmai 
Hka Valley, Kingdon Ward 521 (Ny). Japan. HonsHu: Oshima, Prov. Izu, 
Mizushima 815 (A); Hondo, Shioto in 1935 (+A); Hakone and Tokyo, Hart- 
shorne in 1894 (pH); Sin, Zollinger 161 (A). KyusHu: Kagosima, Masamune 
in 1922 (ny). No specific locality in Japan: Thunberg s.n. (tues), Lejeuni 
s.n. (¢BR), ex Herb. Lugd.-Batav., Anon. s.n. (+BR, NY), ex Scheidweiler Herb., 
Anon. s.n. (+BR), 6051A Wall. Cat., Lindley s.n. (Ny), ex Herb. College S. S. 
Trin., Harvey (cH), ex Herb. Lugd.-Batav., T. 5.2. (GH), Anon. 2 (MEL), ex 
Hernhard Herb., Goring 181 (mo). Formosa: Taitdty6, Suibotei, Suzuwki-Tokio 
19678 (A); Urajiro-maki Taichu Prefecture, Hayata & Mori 7147 (a). Origin 
unknown: part of specimens on Wall. 6052A, not P. neriifolius (+BR). 

Cultivated. Cu1na. Kiangsu: Nanking, Chen & Teng 4104 (uc); Maan Shan 
Inin Shan, Tso 1634 (A); Tungting, Tai Hu Lake, Soochow, Ching & Tso 731 
(a). Hupeh: Ho-Ch’ang Chow 1972 (A, Ny). Fukien: Foochow, West Lake 
Park, Chang 4360 (tmo); Wooshihshau, Chung 2491 (a, uc); Electric Factory 
Garden, Chung 2700 (A, uc); Hinghwa, Chung 1304 (A), 7515 (A); Amoy region, 
Kulangser, Chung 1635 (A, uc). Stncapore: Bot. Gard., Sargent in 1903 (A), 
Bohn’s Gard., Sargent in 1903 (a). JAPAN: ex Hort. Cantab. Amon. in 184- 
(ny), Tokyo Gardens, Faurie 59 (mo). CryLon: Hakgala Bot. Gard., Wilson 
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in 1921 (+a). Monaco: Hort. Monac., Anon. in 1824 (+BR). SWITZERLAND: 
Locarno, ex Schneider Herb., Anon. s.n. (+A). FRANCE: Riviera, Schneider s.n. 
(+a). ENGLAND: Lucas 1777 (+BM), Kew, Anon. s.n. (Mo). Ivaty: ex Herb. R. 
Bot. Hort. Neap., Anon. in 1868. (+mo), ex Bernhardi Herb., Anon. s.n. (+Mo), 
ex Horti Thenensis Herb. Bossche 1375 (+BR). Arrica: Cape of Good Hope, 
Anon. in 1836 (+mo), Hort. Daudin, Avon. in 1851 (+ps); Grootvaderbosch, 
Thunberg sn. (tups). Mauritius or Mapacascar: Blackburn in 1873 (tcv). 
VENEZUELA: Caracas, Pittier in 1924 (+vEN), Orozco 324 (}F). BRaziL: Rio de 
Janeiro Bot. Gard., Curran in 1915 (tus), deLaubenfels in 1952 (ILL). WeEsT 
InviEs: Broadway 2934 (+r); Trinidad, Port of Spain, Broadway s.n. (BM); 
Jamaica, Chrysler 1914 (NJU), Anon. s.n. (t1LL). Unirep States. New York: 
New York Bot. Gard. 3750A from DPM 1900, Taylor in 1906 (ny), Hartling 
in 1914 (nv), Nash in 1905 (ny), Anon. in 1920 (iLL). New Jersey: Greenhouse 
at Rutgers, Johnson in 1952 (+nyu). District of Columbia: Washington, Con- 
gressional Garden, Parry in 1918 (us). South Carolina: Columbia, Hough in 
1916 (cas); Charleston, Sargent in 1914 (A). Georgia: Augusta, Cuthbert in 
1896 (NyU); Cairo, Wight in 1948 (t1LL). Florida: Gotha, Nehrling’s Place, 
Rehder in 1920 (a); Glen St. Mary, Hume in 1926 (a); Winter Haven, McFar- 
lin 4944 (micH); Panama City, Tyndall Field Hospital area, Gray in 1945 (ILL) ; 
Jacksonville, Huger in 1922 (Ny), Dahlgren in 1945 (F). Missouri: St. Louis, 
Bot. Gard., Woodson 321 (mo), Irish in 1896 (mo), G. E. in 1873 (mo), Engle- 
mann in 1877 (mo). Louisiana: New Orleans, Kock in 1936 (cu). California: 
Hales place, Santa Barbara, Walther in 1921 (tcas). Java: Hort. Bot. Gard. 
Buitenzorg, VF 18, Anon. 1903 (NY—2 sheets), VF 16, Anon. in 1903 (Ny). NEw 
GurnEA: Aiyura, Womersley NGF3397 (LAE). AUSTRALIA: Brisbane, private 
garden, White 3311 (a). 


This variety is distinguished from the species by the narrower and 
shorter leaves, not over 7 cm. long nor 7 mm. wide. The anatomy of the 
leaf in transverse section does not differ from that of the species. 
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ONTOGENY OF THE SPORANGIA IN XIPHOPTERIS 
SERRULATA AND PYRROSIA NUDA? 


KENNETH A. WILSON 


IN SPITE OF ALL the recent discussion of relationships and classification 
of such well-known genera as Vittaria and Polypodium, and such of their 
presumed allies as Dipteris, Cheiropleuria, and Platycerium, no attempts 
appear to have been made to correlate the details of sporangial structure 
with cytological and other morphological evidence (e.g., the nature of the 
gametophytes) which has recently been accumulating. It is surprising 
that, in view of the emphasis which is placed on the reproductive parts of 
flowering plants, the sporangial structure has for so long escaped detailed 
investigation. Undoubtedly one of the main factors in causing this delay 
in their study is the opinion that the sporangia of the “higher” or poly- 
podiaceous ferns are so simple that they do not by themselves give ade- 
quate evidence of relationship (Holttum, 1954). It is true that these 
minute sporangia are deceptively similar in appearance. However, before 
one can determine accurately whether sporangial structures are comparable 
it is important to know the precise details of leptosporangial ontogeny. 
Ontogenetic knowledge should lead to (1) clearer concepts of homology 
between parts of sporangia of different species, and (2) demonstrations 
that some apparent homologies do not exist. Only then can the details of 
the mature sporangium be clearly understood, and only then can there be 
a basis for the interpretation of presumably homologous parts of a large 
number of mature sporangia. 

In an earlier paper (Wilson, 1958), the ontogenetic steps in the forma- 
tion of the mature sporangium of Phlebodium aureum (L.) J. Sm. (Poly- 
podiaceae sensu strictu) were presented. It was shown that the sporangial 
stalk results from cells intercalated in the first segments of the sporangial 
primordium rather than by the activity of an apical cell as has been gen- 
erally believed. Furthermore, it was found that the stalk of the sporan- 
gium and the jacket of the capsule are produced by the subdivision of 5 
initials or “‘segments.” Segment 0 contributes only to the formation of 
the stalk, segment I to a portion of the stalk and part of the proximal face 
of the capsule, segment II to the stomial region, the stalk, and to the 
proximal and distal faces of the capsule, and segments III and IV to the 
rest of the annulus and to both the proximal and distal faces of the capsule. 

However, the study of sporangial ontogeny in Phlebodium still left 
several questions unanswered. Phlebodium has a two-rowed stalk; how 
is a one-rowed stalk produced? Do the sporangia of another genus in 
the same family develop in the same manner? What difference, if any, 


* A portion of a dissertation submitted in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy in the University of Michigan. 
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would be found in the ontogeny of the sporangia in a species of a different 
family? 

In an attempt to answer these questions two fern species were chosen for 
study: Xiphopteris serrulata (Sw.) Kaulf. (Grammitidaceae) and Pyrrosia 
nuda (Gies.) Ching (Polypodiaceae). In the present paper, the develop- 
mental sequence in the formation of the sporangia in the two species is de- 
scribed and a comparison is made with the ontogeny of the sporangia in 
Phlebodium aureum. 
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MATERIAL AND METHODS 


The plant material of Xiphopteris serrulata was collected in Portland 
Parish, Jamaica, in 1954 (K. A. Wilson & W. Murray 588). Pyrrosia 
nuda is growing at the Botanical Gardens of the University of Michigan, 
and the material was collected there (UMBG 19980; from Assam, India, 
W. Koelz 11716A). Specimens of both species have been deposited in the 
Herbarium of the University of Michigan, and duplicates of Xiphopteris 
serrulata have been distributed to several other herbaria. 

Young sori which had been preserved in F.A.A. were selected, embedded 
in paraffin, and sectioned. Xiphopteris was sectioned at 12 microns, while 
Pyrrosia, because of the larger size of the young sporangia, was sectioned 
at 15 microns. The sections were stained in Conant’s quadruple stain 
(Johansen, 1940). Sori in various stages of development were also cleared 
by the sodium hydroxide technique (Foster, 1949) and then stained in 3 
per cent tannic acid in 50 per cent alcohol and 3 per cent ferric chloride in 
50 per cent alcohol.- After dehydration in alcohol, the sporangia were teased 
out and mounted in Diaphane. Because of the thickness of the frond of 
Pyrrosia and the deeply sunken sori, the above method, which was success- 
ful for Xiphopteris, proved to be of value only for the sporangia in the 
later stages of development. In order to study the earlier stages, 75-micron 
sections of fixed Pyrrosia material were cut on the freezing microtome. These 
sections were cleared and stained as outlined above and then mounted in 
Diaphane without further dissection. When bleaching was necessary, a 50 
per cent aqueous solution of Clorox was used. The mature sporangia were 
studied in water mounts since dehydration led to the dehiscence of the 
capsule. All illustrations were made with the aid of a camera lucida. 
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MORPHOLOGICAL OBSERVATIONS 
1. Xiphopteris serrulata 


The swollen sporangial initial of Xiphopteris serrulata is first divided by 
a cell-wall which is slightly inclined but which never reaches the level of the 
receptacular cells (figs. 2, 3). This division is soon followed by the forma- 
tion of a second wall which is transverse and intercalated in the lower cell 
of the initial (figs. 4, 5). This wall is produced on a level with the surface 
of the adjacent receptacular cells, and separates the sporangial primordium 
from a basal cell. The basal cell undergoes no further division and takes 
no part in the subsequent development of the sporangium. The sporangial 
initial at this stage consists of two cells: a proximal cell, segment 0, and a 
distal cell, the mother initial. 

The mother initial divides and cuts off, by a series of three oblique walls, 
segments I, II and III, which contribute to the jacket layer of the capsule 
and the distal, three-rowed portion of the stalk (figs. 6-9). In the mean- 
time, horizontal intercalary divisions take place in segment O (figs. 8, 9). 
After the formation of segments I, II, and III, the mother initial, now 
shaped like an inverted three-sided pyramid, divides horizontally and pro- 
duces a transverse wall which cuts off segment IV and thereby becomes 
completely enclosed by its daughter cells (fig. 10). 

The enclosed tetrahedral mother initial divides in the same manner and 
in the same order as it did in producing segments I, II, III, and IV, so that 
it becomes enclosed by four cells, the tapetal initials, which separate it from 
the cells of the sporangial wall (figs. 12-14). Each of the tapetal initials 
becomes partitioned into four cells by means of a vertical and a horizon- 
tal anticlinal wall (figs. 13--16), and all sixteen cells produced by these divi- 
sions then divide periclinally to form a two-layered tapetum, which soon 
disorganizes, surrounding the inner sporogenous cells (fig. 17). 

After the mother initial divides to produce the four tapetal initials, the 
activity of the central cell changes and it divides equally to form the 
sporocytes (fig. 17). 


Fics. 1-37. SPORANGIAL ONTOGENY IN Xiphopteris serrulata AND Pyrrosia nuda: 
INTERNAL SEGMENTATION. Fics. 1-17, Xiphopteris serrulata: 1, Protruding 
initial; 2, 3, Formation of first wall; 4, 5, Formation of segment 0; 6, 7, For- 
mation of segment I; 8, Intercalary division in segment 0; 9, Formation 
of segment II or segment III, intercalary division in segment I; 10, For- 
mation of segment IV; 11, Intercalary division in segment IV; 12-15, For- 
mation of tapetal initials; 16, Cross section of primordial capsule; 17, Forma- 
tion of sporocytes. Fics. 18+37, Pyrrosia nuda: 18, Protruding initial; 19, 
Formation of first wall; 20, Formation of segments 0 and I; 21, Intercalary 
divisions in segments 0 and I; 22, 23, Formation of segment IT or segment III; 
24, Formation of segment IV; 25-28, Formation of tapetal initials; 29-31, For- 
mation of sporocytes; 32-37, Various stages in the ontogeny of the paraphyses. 
Arrows point to newly formed walls. Roman numerals identify sporangial seg- 
ments. 
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Fics 1-37. SPORANGIAL ONTOGENY IN Xiphopteris serrulata AND Pyrrosia nuda. 
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All divisions that take place in segment 0 are horizontal; there are never 
any vertical walls formed in the segment. As a result of the position and 
inclination of the first wall formed in the sporangial initial, segment I never 
reaches the level of the cells of the receptacle. Therefore, since only seg- 
ment 0 contributes to the base of the sporangial stalk, and since the divi- 
sions within this segment are only transverse, the stalk of the mature 
sporangium consists of a single row of cells at its base (figs. 59-61). On the 
other hand, the upper portion of the stalk beneath the capsule is three- 
rowed. The cells in the lower portion of segments I, II, and III each con- 
tribute to the formation of one of the three rows of cells which subtend the 
capsule. 

While the tapetal initials and sporogenous cells are dividing, the jacket 
initials are becoming partitioned anticlinally to produce the exterior layer 
of the capsule. The first two divisions in segment I are transverse (figs. 
41-45), and these are followed by the formation of still another cross wall 
in the distal portion of the segment so that segment I becomes composed 
of a linear series of four cells (figs. 46, 47). 

Both segment II and segment III become similarly partitioned by cross 
walls; however, segment II is divided by two transverse walls, while seg- 
ment III becomes partitioned by only one such wall (figs. 42, 43a). 

The cleavages in the first three capsular segments are accompanied, or 
soon followed, by a division in the cap cell, segment IV, which produces a 
wall, difficult to see in whole cleared sporangia, that extends from segment 
II to segment III (fig. 45a; figs. 62, 63, wall v). Following the first division 
of segment IV into two cells, each one of the cells undergoes a division by a 
wall perpendicular to the first one (fig. 40b; figs. 62, 63, walls hk). 

The uppermost of the four cells of segment I divides, by the formation of 
a vertical wall, into two cells of approximately the same size (fig. 48); 
fig. 63, wall v). This vertical division is at times followed by a horizontal 
division in one of the two cells (figs. 54a, 57a); more frequently, however, 
these cells remain undivided (figs. 53a, 58a). The distal cells of segment 
I are immediately recognizable in mature sporangia and may be seen to 
form a portion of the capsular jacket on one side, the proximal face, of the 
sporangium (figs. 59, 61). The three cells below them, on the other hand, 
produce one of the three rows of cells at the base of the capsule. 

The division pattern of the other capsular segments is more complex and 
may be understood more easily by considering the sequence of division in 
each of the segments separately. As the developing sporangium continues 
to enlarge, the uppermost of the three cells of segment II becomes divided 
by a vertical wall (fig. 456; fig. 63, wall v), and each of the cells thereby 
produced now divides by forming a horizontal wall (fig. 48a; fig. 63, walls 
h). The cells next to segment III do not become further divided, and they 
can be recognized in the mature sporangia as forming part of one of the 
lateral walls of the capsule (fig. 60). These first divisions in segment II are 
essentially identical to those of segment I, and, as will be shown later, a 
similar division sequence occurs in segment III. 

Additional divisions in segment II all contribute to the formation of the 
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Fics. 38-58. SPORANGIAL ONTOGENY IN Xiphopteris serrulata: SUPERFICIAL 
SEGMENTATION. Both sides of each sporangial primordium are illustrated and 
are designated by the letters “a” and “b.” For explanation of shading see Fics. 
64-78. 
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stomium and its associated cells. The cell which undergoes the first divi- 
sion is directly related to the position of segment II with respect to segment 
I. It is always the uppermost cell contiguous to segment I which be- 
comes partitioned by a vertical wall. It must be pointed out here that, in 
contrast to Phlebodium aureum, segment II is very rarely produced on the 
left side of segment I; in the great majority of sporangia segment II will 
be found to be lying to the right of segment I. 

The distal cell of segment II which is contiguous to segment I becomes 
partitioned by a vertical wall (not shown in its first appearance; see wall r, 
fig. 63). The uppermost daughter cell which borders on segment I under- 
goes no further divisions and contributes to the formation of part of a 
lateral wall. However, the other daughter cell becomes partitioned by the 
intercalation of a horizontal wall (shown by arrow, fig. 53a; fig. 63, wall 
e). An additional horizontal wall partitions each one of these last-formed 
cells and produces the stomial cells (fig. 56); fig. 63, walls s). As a rule 
the distal cell next to segment III remains undivided; however, on occasion 
it may become partitioned by a vertical wall (fig. 58b). Before the forma- 
tion of the stomium, a horizontal wall is usually intercalated in the cell di- 
rectly beneath the one which is divided by the vertical wall (i.e., the distal 
cell contiguous to segment I; shown by arrow, fig. 57b; fig. 63, wall f). 
Following the divisions which produce the stomium, no additional cleavages 
occur in segment II. The two lowermost cells of segment II form part of 
the three-rowed stalk at the base of the capsule (fig. 60). 

Occasional failure of wa!l formation in segment II may lead to the for- 
mation of unusually large cells in the stomial region, as may be seen in 
figure 61. This condition is a result of the absence of the vertical wall 
which delimits the annular cells in segment II. A similar situation has been 
observed in segment III, which would result in the formation of large bow 
cells (fig. 55a). 

As was stated above, the distal cell of segment III becomes dissected 
first by a vertical wall (fig. 63, wall v) and then by two horizontal walls 
(fig. 63, walls #) in much the same manner as scgment II. The next divi- 
sions mirror those of segment II except for the formation of an additional 
wall. Both of the distal cells become divided by the formation of a vertical 
wall (figs. 50a, 51a; fig. 63, walls r), after which the cell adjacent to the one 
which borders on segment I is partitioned by a horizontal wall (fig. 56a). 
One wall forms in the cell below (see wall f, fig. 63), and with the produc- 
tion of this series of cells the subdivision of segment III is completed. As 
the sporangium enlarges and matures, the walls of the smaller cells in seg- 
ment III, which are aligned in a vertical series, become thickened to form 
the cells of the bow, while the lowermost cell of this segment contributes to 
the formation of the three-rowed stalk (fig. 59). The cells between the 
bow cells and the cells of segment II do not become further subdivided 
after the division of the distal cell by the vertical wall. These cells all con- 
tribute to the formation of part of the lateral face (fig. 60), while the cell 
on the opposite side of the annular ring and in contact with segment I 
contributes to the other side of the capsular face (fig. 59). 
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Fics. 59-63. MATURE SPORANGIUM OF Xziphopteris serrulata. 
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59, Proximal 


face; 60, Distal face; 61, Proximal face: segment II with abnormally large 
stomial region; 62, 63, Diagrammatic analysis of segment derivatives in the 
mature sporangium; 62, Top view: segment IV (adapted from Kiindig); 63, 
segments I, II, III (adapted from Miller). Roman numerals identify sporangial 


segments. For explanation see text. 
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The first divisions of segment IV into four cells are followed by a division 
of the two cells contiguous to segments II and III, which produces in each 
cell a wall that is parallel to the first-formed wall. In other words, these 
walls are intercalated in the sector of segment IV on that side of the first- 
formed wall which is away from segment I (see walls 7, fig. 63). This 
division sets the boundaries for the formation of the annular cells in the 
cap segment. A series of walls perpendicular to the first-formed wall and 
to the wall parallel to it produces a series of cells which differentiate into 
the top of the annulus. The greatest variation in the division pattern of 
Xiphopteris serrulata is seen in the partitioning of segment IV. Generally 
this segment contributes seven cells to the annulus; however, it may at 
times be observed that only six cells are produced in this series (fig. 60). 
The portion of segment IV which contributes to the proximal face of the 
sporangium usually becomes divided by walls formed in different planes: 
one wall is formed vertically while the other is variously inclined (figs. 
59, 61; walls k, figs. 62, 63). The placement of the last cell wall in the 
sector of segment IV in the distal face of the sporangium also varies (wall 
L Wes02> RS. 520, 000)s 


2. Pyrrosia nuda 


One of the most striking differences in the young sporangia of Pyrrosia 
nuda from those of Xiphopteris, as well as from those of Phlebodium, is 
in their size. The sporangial initials are themselves almost twice as large 
as those of Phlebodium, and well over twice the size of those of Xiphopteris 
(fig. 18). However, in spite of the size of the sporangial initial, the first 
two divisions are the same as those of Phlebodium. The first wall formed is 
oblique and extends to the level of the receptacular cells or below it (fig. 
19). The second wall is horizontal and in line with the surface of the cells 
of the receptacle (fig. 20). 

There seems to be some variation in the orientation of the wall which 
produces segment I. It may be noted that at times this wall is formed in 
such a way that it does not bisect the wall of segment 0, as it does in Phle- 
bodium, but rather is so oriented that segment I fails to include the entire 
basal portion of the initial which is not occupied by segment 0. Conse- 
quently, the lower portion of the mother initial reaches the base of the 
primordium (fig. 65). In such circumstances, when segment II is formed 
it will extend to the very base of the sporangial primordium (figs. 67a, 
70a)! This is a rare occurrence. Usually the divisions are as in Phlebodium 
and the base of the primordium is occupied by segment 0 and segment I 
only (fig. 69), resulting in a two-rowed stalk. When, however, the wall of 
segment I is so placed that segment II reaches the base of the sporangium, 
the entire stalk of the mature sporangium will be three-rowed. Although 
such stalks are rare, they have been observed in mature sporangia of 
Pyrrosia. 

The details of the further development of the sporangium do not vary 
from those of either Xiphopteris or Phlebodium. Of some significance may 
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be the fact that a larger number of cells form the bow in Pyrrosia than in 
either of the other two genera (segment IV contributes twelve cells to the 
annulus), but they are formed in the same manner as has been described for 
Xiphopteris (see figs. 18-31, 64-84). 

Stellate paraphyses occur intermixed with the sporangia of Pyrrosia 
(fig. 85). These arise from superficial cells of the receptacle which be- 
come divided by a transverse wall (fig. 32). Following the initial trans- 
verse divisions, the terminal cell of the developing paraphysis becomes bi- 
sected by a vertical wall (fig. 33). These two terminal cells continue to 
elongate, and soon, as a result of a protrusion and expansion of the cell 
wall beneath them, a third cell is initiated (fig. 34). Elongation of these 
cells apparently does not take place at the same rate; the newly formed 
cells appear to elongate more rapidly. This process is repeated many times 
(see fig. 37) and gives rise to the many-celled paraphyses. Vertical divi- 
sions in the stalk may be seen to accompany the formation of the elongated 
cells. On the other hand, no walls are formed in the terminal cells of the 
paraphysis. The elongation of the terminal cells ceases soon after the walls 
at their bases become thickened. 


DISCUSSION 


The orientation of the first division of the sporangial initial is not always 
the same in different species. In Pyrrosia nuda, as well as in Phlebodium 
aureum, the first wall formed is oblique and reaches the level of the recep- 
tacular cells. On the other hand, the first wall in Xiphopteris serrulata is 
essentially transverse and well above the cell surface of the receptacle. 

Wagner (1952) has shown the same variation in the species he examined. 
The first division of the sporangial initial of Dzellia and Asplenium is trans- 
verse, while in Nephrolepis and Davallia it is oblique. Kiindig (1888) was 
the first to notice the two different orientations of this cell wall. Accord- 
ing to him, the first wall is oblique in Asplenium and all the other species 
he investigated, except Polypodium vulgare, where the first wall is trans- 
verse. The observations on Asplenium and Polypodium are no doubt in 
error, and the correct interpretation would be the reverse of that given by 
Kiindig. As will be explained below, the structure of the mature stalk di- 
rectly reflects the orientation of the first division of the sporangial initial. 

Although no division figures were seen in the stalk-forming segments of 
Xiphopteris serrulata and Pyrrosia nuda, there is no evidence to indicate 
that the walls are not intercalated to produce the sporangial stalk in these 
species as they are in Phlebodium aureum. There is certainly no indication 
that the stalk is produced by the activity of an apical cell. 

Wagner (1952) postulated that the two-rowed stalk is produced entirely 
by the oblique orientation of the first wall, and the one-rowed stalk results 
from the transverse position of this first-formed wall. The sporangial stalk 
of Xiphopteris is one-rowed and is indeed a direct result of the horizontal 
orientation of the first wall. All cell walls intercalated are transverse, never 


[ VOL. XXXIX 


438 


JOURNAL OF THE ARNOLD ARBORETUM 


SEGMENTS AND 
THEIR DERIVATIVES 


ace! 
og 
J 


Fics. 64—78. SPORANGIAL ONTOGENY IN Pyrrosia nuda: SUPERFICIAL SEGMENTA- 
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Fics. 79-85. SPORANGIAL ONTOGENY IN Pyrrosia nuda. 79-82, Superficial seg- 
mentation, later stages; 83, 84, Mature sporangium; 83, Proximal face; 84, 
Distal face; 85, Mature paraphysis. 
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longitudinal. Stalk formation in Xiphopteris agrees with that in Diellia. 
However, one may question Wagner’s conclusion with regard to the develop- 
ment of the two-rowed stalk. In Phlebodium aureum the sporangial stalk 
is always two-rowed and the first division is oblique. The first wall formed 
in the sporangial initial of Pyrrosia is also oblique, but the stalk is not al- 
ways two-rowed: it may be three-rowed instead. As has been pointed out in 
Pyrrosia, the two-rowed condition is not solely the result of the orientation 
of the first wall, but depends also on the placement of the wall which forms 
segment I. When segments 0 and I do not include the entire basal portion 
of the initial, the stalk will be three-rowed as a result of the cells con- 
tributed to it by segment II. The significance of the first wall in the struc- 
ture of the stalk may then be summarized in this manner: The one-rowed 
stalk is produced entirely by the orientation of the first division,” while 
the two- and three-rowed stalks depend on the orientation of both the first 
division and that which produces segment I. The distal portion of the 
stalk is always three-rowed and is formed by the lower cells of segments I, 
Il, and III. 

Bower (1915) reported on the development of the sporangia of Dipteris 
and Cheiropleuria. The sporangial stalks of these ferns are four-rowed, and, 
according to him, the segmentation of the young sporangium “appears to 
show a regular cleavage of the segments in two opposite rows,” and the 
“subdivision of the two rows of segments of the stalk by walls in the plane 
of the drawings has given rise to the four rows of cells of the stalk, as seen 
in later stages.” In view of the preceding discussion which points out that 
there is no apical cell activity in the production of the stalk in the species 
examined, I suggest that a reinvestigation of the sporangia of both Cheiro- 
pleuria and Dipteris should be made, stressing stalk formation and, because 
of its potential morphological significance, the inner and outer segmenta- 
tions of the capsule. For the present, Bower’s conclusions must be accepted 
with reservation. 

The internal divisions following the formation of segment IV are the same 
in Xiphopteris serrulata, Pyrrosia nuda and Phlebodium aureum. The four 
tapetal initials are produced by the mother initial in the same sequence and 
in the same manner as are the four capsular segments (segments I-IV). 
Only after the enclosed mother initial has produced the tapetal initial does 
it undergo a change in activity and begin to divide equally to produce the 
sporocytes. Moreover, as in Phlebodium aureum, there is no evidence to 
indicate that the derivatives of the tapetal initials are potentially sporo- 
genous, nor is there any to support the view that any of the derivatives of 
the inner cell behave in the manner of a tapetal cell. Thus, in view of the 
manner in which the tapetal initials are formed, the opinion that they are 
better considered as inner wall cells, at least ontogenetically, is strongly 
supported. The central cell may be considered sporogenous only after these 
initials have been cut off from the mother initial. 

There has been much disagreement in the application of the term “‘arche- 


*A possible exception may be found in the sporangial stalk of Dictymia, which 
possesses a single cell at its base. 
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sporium.” Kiindig (1888), Miiller (1893), Campbell (1905), Bower 
(1923), and Smith (1938) used it to refer to the central tetrahedral cell 
before the tapetal initials are formed. However, Kny (1895) and more 
recently Troll (1954) have limited its usage to the central spore-producing 
cell. Since the term “archesporium” is intended to refer to the first cell 
generation of the sporogenous tissue, it should be used only to designate 
the truly sporogenous initial. A more comprehensive survey of the use, or 
perhaps misuse, of this term was made by Bower (1908), who suggested 
that it be retained “merely in a descriptive sense, in those cases where 
the cell or cells which give rise to the sporogenous group are obvious, but in 
a descriptive sense only.” It might be better still to avoid the use of the 
term and prevent confusion. This has been done by Eames (1936) and 
Wagner (1952), although Eames considered the central cell, prior to the 
formation of the tapetal initials, to represent the “primary sporogenous 
tissue.” 

Eames also reported that from the “primary sporogenous tissue” are cut 
off by “periclinal divisions one or two layers of thin cells which become 
the tapetum.” I have not seen any evidence to support this statement. All 
of my material indicates that only one layer of tapetal initials is cut off, 
which, as a result of periclinal and anticlinal divisions, develops into a two- 
layered tapetum. It may be possible that in some ferns two series of tapetal 
initials are produced, but there is no evidence at present to support this 
statement. 

The subdivision of the capsular segments is remarkably similar in 
Xiphopteris, Pyrrosia and Phlebodium. In all three, segment I contributes 
to a portion of the stalk and part of the proximal face of the capsule, seg- 
ment II to the stomial region and the stalk, and segments III and IV to 
the rest of the annulus. The proximal face is formed from cells of seg- 
ments I, II, III, and IV, and the distal face from those of segments II, III, 
and IV. 

As has been pointed out by Wagner, a comparison of the ‘““eusporangiate 
method” of sporangial development with the “leptosporangiate method” is 
highly desirable. Bower (1923) described a series showing gradual steps 
from the segmentation typical of eusporangiate ferns to that of leptospo- 
rangiate ferns. Similar series are also described by him for the sporangial 
stalk and for the capsule. His conclusions indicate that there is little funda- 
mental difference between the two types and that the facts “appear to estab- 
lish the general sequence of forms from the Eusporangiate to the Leptospo- 
rangiate, as a valid evolutionary progression.” 

I have shown that there has been a great deal of misunderstanding of 
the ontogeny of the polypodioid leptosporangium, and, in view of this, 
comparisons based on data of uncertain validity may be seriously ques- 
tioned. A review of the literature on the development of the sporangium 
of the Marattiaceae and the Ophioglossaceae shows that little is known 
about the process and that the various authors do not agree. (For a sum- 
mary of this information see Campbell, 1911, and Bower, 1923). 

Before any detailed comparison can profitably be made between the two 
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types of development, new investigations should be made of the ontogeny 
of the sporangium of the eusporangiate ferns, and of the so-called “primi- 
tive” leptosporangiate ferns. 

Pirard (1947) discussed the stellate paraphyses of Niphobolus 
[Pyrrosia] lingua, but these do not agree in their details with those of 
Pyrrosia nuda. The paraphyses of P. muda do not have the thickenings in 
the cell walls of the stalk as do those of P. lingua, nor are the elongated 
cells borne on a swollen cell, but rather on one of approximately the same 
dimensions as the cells of the stalk. Since the various types of stellate pa- 
raphyses have been used as taxonomic characters in the genus (Giesenhagen, 
1901), it is hardly surprising that those of these two species should be dif- 
ferent. 


SUMMARY 


In a study of the ontogeny of the sporangia of Xiphopteris serrulata and 
Pyrrosia nuda, it is shown that the sporangial stalk is produced by the inter- 
calation of cell walls in the first-formed segments of the sporangial pri- 
mordium. A one-rowed stalk results directly from the horizontal orientation 
of the first division of the sporangial initial; two- and three-rowed stalks 
are produced by an oblique first division, and the number of rows depends 
upon the orientation of the wall forming segment I. The stalk is produced 
from the division products of the initial designated as segment O and the 
lowermost cells formed from segments I, II, and III. The stomial region 
develops in segment II, and the remainder of the annulus forms in segments 
III and 1V. It is again suggested that the tapetal initials are better inter- 
preted as inner wall cells of the capsule, and that the term “archesporium” 
be limited to designate the cell which directly gives rise to the sporocytes. 
Comparison of the leptosporangium with the eusporangium must be de- 
ferred until more information on both sporangial types is available. The 
paraphyses of Pyrrosia nuda are also described. 


ARNOLD ARBORETUM AND GRAY HERBARIUM 
HARVARD UNIVERSITY 
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THE DIRECTOR’S REPORT 


Tue ARNOLD ARBORETUM DURING THE FISCAL YEAR ENDED 
JuNE 30, 1958 


IT IS WITH PLEASURE that I report another year of excellent progress in 
the care and use of the living collections, the improvement of the herbarium 
and library and the contributions of the various staff members. A dry 
summer, followed by a wet winter marked the climatic year; nevertheless, 
the fine display of flowering shrubs, trees and vines seen in the Arboretum 
during the spring gave evidence of the care they had received throughout 
the months of difficult weather conditions. An increasing number of visitors 
has been recorded and, of these, the registration book in the Administration 
Building indicates visitors from thirty-eight states and seventeen foreign 
countries. In addition to the regular work assignments of the staff, the 
answering of all types of horticultural questions by letter, by phone, or 
for individuals calling at the office in person consumes a considerable pro- 
portion of the staff working hours and is an indication of the confidence 
which the public places in the Arnold Arboretum. 

Among the highlights of the year were the visits of distinguished col- 
leagues from this hemisphere and abroad. In all, directors or representa- 
tives of twenty-three botanic gardens and arboreta visited the Arnold 
Arboretum during the year. The visit of Dr. George Taylor, director of the 
Royal Botanic Gardens, Kew, a newly appointed member of the Board of 
Overseers Committee to Visit the Arnold Arboretum, was of special interest 
and pleasure. 


The Staff: 


I am pleased to report the approval of the Harvard Corporation for 
the promotion and appointment without limit of time of Dr. Carroll E. 
Wood, Jr., as associate curator of the Arnold Arboretum. This appoint- 
ment is well deserved and is indicative of the contribution which he has 
made to the Arboretum. 

Mr. Roger Coggeshall, who has been chief propagator at the Arboretum 
since 1954, resigned to accept a position with a private nursery in Massa- 
chusetts. Mr. Coggeshall has done an excellent job in increasing the living 
collections, in research on the propagation of woody plants and in teaching 
popular classes in the education program conducted by the Arboretum. We 
regret his leaving the staff, but wish him success in his newly chosen tield. 
He will continue, however, to assist in the instruction program in plant 
propagation at the Arboretum. 

Mr. Alfred Fordham has been reassigned and promoted to the position 
of chief propagator. Mr. Fordham began his work at the Arnold Arboretum 
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as assistant to Mr. William Judd in plant propagation. He received fur- 
ther training in this field as an exchange student from the Arboretum to the 
Royal Botanic Gardens, Kew, England, before the beginning of World 
War II. Upon his return to the Arboretum, following a leave of absence for 
war service, he was appointed assistant superintendent of buildings and 
grounds. We are pleased that Mr. Fordham is again serving in a capacity 
which will permit him to use his specialized training. 

During the year Dr. Frans Verdoorn, holder of the honorary appoint- 
ment as research associate at the Arnold Arboretum since 1942, accepted a 
new position as director of the Biohistorical Institute at the University of 
Utrecht, Holland. Dr. Verdoorn was born in Holland and thus that coun- 
try regains not only a citizen but a remarkable botanical historian, as well. 

Three holders of joint annual appointments with the Gray Herbarium 
accepted other positions at the end of 1957. Dr. Howard F. L. Rock, who 
was on the curatorial staff in the herbarium, accepted a position at the 
University of Tennessee. Drs. Robert Bennie Channell and Charles W. 
James, who, with Dr. Wood, were working on a flora of the southeastern 
states, accepted teaching appointments at Vanderbilt and the University of 
Georgia, respectively. To fill one of the latter positions, the joint appoint- 
ment was made for Dr. Kenneth Wilson to work with Dr. Wood on this 
project. 


Horticulture: 


During the summer of 1957 the Arboretum experienced the worst drought 
on record. All but one of the ponds on the grounds dried up completely and 
the remaining one retained but a few inches of water. As the drought 
lengthened and the available ‘vater in the soil was exhausted, wilting be- 
came a familiar sign in all shrub and tree collections. Emergency steps 
were taken to water all recently planted trees and shrubs and those others 
growing in especially dry areas. A pressure-driven deep-watering system 
was employed to supply water directly at the roots of some of the larger 
trees, especially those in the conifer collection. Although injury resulted 
to many of the plants in spite of our efforts, it now appears that only a few 
plants were killed completely. 

In the late fall and winter the situation was reversed, with rains so unu- 
sually heavy that the ponds filled and overflowed with floodings that 
blocked the meadow road for a period of several days. With the assistance 
of maps from the City of Boston Parks Department, some long-unused 
drainage channels were relocated and opened to lower the water level. It 
would seem that this excessive rainfall during a period of mild temperatures 
partly offset the dry summer season. Flowering was affected in many plants, 
particularly the azaleas, and much branch damage was noted, which re- 
quired heavy pruning during the spring. 

A number of improvements have been made on the grounds during the 
year. The spectacular collection of torch azaleas on the South Street 
bank was thinned and weeded, a retaining wall was built around the 
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Kalepanax pictus bordering one of the ponds and in the lilac collection 
many older varieties between the path and the road were removed to loca- 
tions farther up the bank, allowing newer varieties to be placed in the more 
conspicuous locations. It is our aim to bring together in a central location 
the Lilac Committee’s “100 best lilacs.” About half of these, all young 
plants, are now in their new locations. 

A major adjustment was attempted in the Carya collection where a very 
few species and varieties dominated the area. A number of duplicate trees 
were removed, these to be replaced with taxa not currently in our collection. 
The area was cleaned to allow access to the newly opened woodland along 
Center Street, which is the area proposed for an expanded planting of Ilex 
pedunculosa, its relatives and other rarer species. 

The Boston Parks Department continued cleaning the cobblestone gutters. 
The main portion of the Arboretum between the Arborway and Walter 
Street has been completed and work has started on the Peters Hill tracts. 
This work, neglected for many years, makes a striking difference in the ap- 
pearance of the grounds. Unfortunately, it also calls attention to the poor 
condition of the roads in many places, a condition which we hope can be 
handled by spot repairs immediately and eventually by retarring or re- 
surfacing throughout. 

Increased police protection was also granted by the Police Department, 
which assigned two mounted patrolmen to the Arboretum grounds during 
the spring season. Men on horseback are better able to patrol the remote 
areas of the Arboretum and can reach areas not accessible by patrol cars. 
The impressive riders and steeds have attracted considerable attention and 
have been photographed almost as much as the famed Davidia. 

One new pest, the dogwood twig borer, was discovered in our collections 
this year. A heavy infestation of this insect was found in the Viburnum 
collections, apparently attacking all species, which may be the reason why 
some of the Viburnums have not appeared to be doing well. The location 
of the pest is extremely difficult. We now spray for this borer, combining 
the spray program with that for borers in the locust and mountain ash col- 
lections. 

Dr. Donald Wyman has continued to act as co-ordinator for a group of 
botanic gardens and arboreta working in conjunction with the Horticul- 
tural Crops Research Branch of the U. S. Department of Agriculture. 
This group is responsible for bringing into the United States for trial 
growth under quarantine conditions those plants whose entry previously 
has been prohibited by law. Such plants are grown in special houses at 
Glen Dale, Maryland, for two or more years before being turned over to the 
arboretum or garden responsible for their introduction. During the year the 
Arnold Arboretum received a quarantine release on twenty plants previ- 
ously held at Glen Dale. These plants originated in England, Germany and 
the Netherlands. 

In continuation of the program of plant distribution established at the 
Arnold Arboretum seventeen years ago, fourteen new species and varieties 
were made available to cooperating nurserymen for propagation. In all 650 
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Above: “Up the hill.” Photo and print by Mr. Henry Soron awarded a prize 
as the best black-and-white picture taken in the Arboretum. 


Below: Officers Donahue and McNeil, two of the mounted policemen of the 
Boston Police Department now patrolling the Arboretum. 
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plants were distributed to thirty-four domestic nurseries, four foreign nur- 
series and ten arboreta and botanic gardens. 

The number of new plantings on the ground during the year was slightly 
less than average. Individual plants added to the collection totaled 463, 
representing 221 species and varieties. Forty-one are new to our collections 
and eight are probably new to the United States. 

Experimental work in the field of plant propagation, involving 646 species 
and varieties, continued in the greenhouses. One program concerned the 
propagation of native hybrid azaleas which are considered impractical to 
root on a commercial scale. A similar program for rooting Ghent azaleas 
under plastic was attempted. Various hormone concentrations were tried, 
with Hormodin No. 3 giving the best results. Once the cuttings were rooted 
the plants were placed under continuous light. Daylight was supplemented 
with artificial light for continuous illumination for a period of three months. 
The extended period of light caused a break in bud dormancy and the 
plants grew continuously. This appears to be a method for establishing 
hardier plants capable of being transplanted at an earlier age. 

In a continuing experimental program of rooting Asiatic maples from 
cuttings, it was established that wounding the cuttings was definitely ad- 
vantageous and that Hormodin No. 3 proved to be the best rooting hor- 
mone. 

We were able to overcome the common double dormancy in seeds of 
Cotoneaster with the use of concentrated sulphuric acid. Seeds were soaked 
for two hours in the acid, washed well and stratified in plastic bags for 
three months at forty degrees Fahrenheit. This treatment produced a per- 
centage of germination at the end of one year comparable to that normally 
obtained in the standard two-year treatment for seeds of this genus. 

During the year 136 shipments, totalling 1137 species and varieties of 
seeds, living specimens, and propagating material, were received from in- 
stitutions in the United States and ten other countries. We sent 26 ship- 
ments of seeds of 141 species and varieties and 320 shipments of propagat- 
ing material or plants comprising 1328 taxa to sixteen countries besides 
the United States. 

Two pieces of property owned by the Arboretum were recommended to 
the Corporation for sale and both were sold during the fiscal year. The tract 
of land at 310 South Street consisting of a house and barn with two acres 
of land was the gift of Mrs. Andrew J. Peters in 1953. After expending a 
considerable sum to fence the property and tear down a rambling frame 
addition to the basic brick house, it was discovered that the house was not 
structurally sound and could not be used as a staff residence. The property 
was on the Boston tax rolls at an inflated valuation, the taxes exceeding 
$1500 a year. Protecting the property from vandalism proved difficult and 
its sale was recommended. The receipts from the sale of this property will 
be added to the Arboretum endowment. 

The second property sold was the Butler property on Center Street, ac- 
quired as a residence for Dr. Merrill while he was director of the Arboretum 
and occupied by him until his death in 1955. Since the cost of repairing 
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this house was prohibitive, it was sold, together with the land on which it 
stands, and the proceeds of this sale will also be added to the endowment. 
By the disposition of these two pieces of property the Arboretum has been 
freed of two costly maintenance items. 


Case Estates: 


The plantings at the Case Estates include demonstration plots, nursery 
stock and plantings for hardiness testing. This area is attracting an increas- 
ing number of visitors each year. Particularly noticeable is the increase in 
requests from garden clubs and other horticultural organizations for guided 
tours through the area. During the year portions of the land were made 
available to staff members and graduate students of the Cabot Foundation, 
the Bussey Institution and the Biology Department for their individual 
projects, in addition to the land used for Arboretum purposes. 

The desire of the Town of Weston to acquire portions of the Case Estates 
for schools was mentioned in the report for 1956-57. Both the director of 
the Arboretum and the Corporation made it clear throughout that the land 
would not be sold and that the town must take this tract by eminent do- 
main. In a special town meeting in 1957 it was voted to take approxi- 
mately seventy of the one hundred and forty-five acres then in the prop- 
erty. However, further recommendations of the School Site Committee 
resulted in a reappraisal of the town’s school needs. After much discusssion 
by the committees, officials and residents, the town finally voted to take a 
smaller tract of land, which proved to contain thirty-two and one-half 
acres, but at the end of the fiscal year the formalities involved in taking 
this land by eminent domain had not been completed. 

The loss of this area will necessarily reduce our opportunity for expand- 
ing the work carried on at Weston, and will also reduce the usefulness of 
the Case Estates to Harvard students, the Arboretum adult education 
classes and groups from the Weston schools. Any further inroads on the 
Arboretum land in Weston would raise serious problems affecting our abilty 
to continue the important work now being carried on there. 

During the early town meetings called for discussing the Weston school 
needs, there was a group which favored locating a new high school on the 
Case Estates in addition to the elementary school previously proposed. 
However, this proposal did not receive the necessary support and the town 
voted to acquire a privately held property some distance from the Case 
Estates for this purpose. 


Education Program: 


Two series of classes consisting of lectures, field trips and demonstrations 
were presented in the regular fall and spring adult education program this 
year. The field trips conducted by Dr. Wyman at Jamaica Plain remain 
extremely popular and were supplemented by a series of field trips called 
“Field Botany,” conducted by Drs. Howard and Wood at the Case Estates 
in Weston. All classes were open to the public, with advance registration 
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essential, since in nearly all cases the class size was restricted. The courses 
are stimulating to students and instructors alike, but, regrettably, can not 
be expanded beyond the present effort. There seems to be an increasing 
demand for education in horticulture and botany through more popular, 
non-credit courses such as those offered in this program. Fortunately, five 
other organizations in the Boston area are now offering similar courses. 

For nearly two months (from the last part of April until the middle of 
June), numerous groups visit the Arboretum for guided tours through the 
collections. Such tours are scheduled in advance and a maximum of six 
tours in one day has been accommodated. During other seasons the re- 
quests for tours are less frequent. 

For the New England Zone meeting of the Garden Club of America 
which was held at the Arboretum in May, the staff assisted with a tour and 
the presentation of a display of tree peonies arranged by Mrs. George L. 
Batchelder, Jr. and Mrs. Ellery Sedgewick. The Librarian’s Club of Bos- 
ton also met at the Arboretum with the supervision of our librarian, Mrs. 
Schwarten. Tours of the grounds and a discussion of the services of the 
Arboretum staff were arranged. All available staff members were required 
during the Annual Field Day of the Massachusetts Horticultural Society 
held at the Arboretum. Seven buses were used for transportation during a 
two-hour conducted tour of the grounds. Since the buses could not seat 
all those who wished to take advantage of the tour, a separate caravan of 
cars supplemented the buses. 

The Arboretum sponsored a special colloquium open to the public at the 
Biological Laboratories when Dr. George Taylor of the Arboretum Visiting 
Committee spoke on his work in Tibet. Colored slides illustrated his talk 
for the audience which nearly filled the hall. 

Staff members represented the Arboretum at various meetings during the 
year. Dr. Howard gave the general lecture at the banquet of the Nursery- 
man’s Short Course at the Waltham Field Station. Dr. Wyman took part 
in the refresher short course for arborists, also held at the Waltham Field 
Station. Dr. Sax attended the rootstock conference of the American Society 
for Horticultural Science and lectured on the production of dwarf fruit 
trees to the Plant Propagators Society and the New England Association of 
Nurserymen at their annual meetings. Drs. Howard, Kobuski and Sax at- 
tended the American Institute of Biological Sciences meetings in Palo 
Alto, California. Dr. Sax was reappointed as an American Institute of Bio- 
logical Sciences lecturer and during the year visited Reed College, Lewis & 
Clark College and Whitworth College in Oregon and Washington, where 
he gave a series of lectures on world agriculture and population growth. 


Exhibits and Displays: 


The Arboretum exhibit at the Spring Flower Show of the Massachusetts 
Horticultural Society again won a gold medal as well as two special awards. 
One of the latter, from the Massachusetts State Department of Agriculture, 
was a new award at the show this year. The exhibit theme, ““A Hobbyist’s 
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Two views of the exhibit of the Arnold Arboretum at the Spring Flower Show 
held at Mechanics Hall. The exhibit was titled ‘““A Hobbyist’s Rhododendron 


Garden.” 
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Rhododendron Garden,” attempted to show the full program of care and 
selection necessary in producing fine rhododendrons. The Beatrix Far- 
rand Silver Bowl for the best display of rhododendrons was won by this 
exhibit. 

The open house held at Weston in early May was announced in the 
Weston and Wellesley papers and was well attended by people from these 
areas. We trust that those who attended gained a better appreciation of the 
function of the Case Estates in the program of the Arboretum. It is pleas- 
ing to learn that many garden clubs now carry the open house date on their 
schedule of coming events. 

In co-operation with the Boston Camera Club, a contest was held for the 
best black-and-white photographs and the best kodachrome slides taken in 
the Arboretum during the past year. It was interesting to the staff, who 
acted as judges in the contest, to get a glimpse of those scenes and those 
individual plants which caught the eye and the imagination of the outsider. 
The best black-and-white print was made by Mr. Henry Soron of Arling- 
ton and showed a small boy walking on Bussey Hill in the elm collection. 
The best kodachrome slide of a general scene was taken by Robert Spooner 
of Brookline and showed the Sargent cherries near the Administration 
Building and the open field of daffodils and narcissi. Mrs. Karin Eng- 
strom of Buzzards Bay won two prizes for the best close-up and the best 
pattern shot. The former was of Magnolia soulangiana var. rubra showing 
a mature flower and a pubescent bud. The latter was a beautiful picture 
of the trunk and adventitious shoots of Cercidiphyllum japonicum enhanced 
by backlighting. The contest for the best slide showing the horticultural 
value of a single plant had the most entries and the judges concluded that 
the outstanding slide was of a Pseudolarix amabilis in fall foliage taken 
by Mr. George Taloumis of Salem. The contest served to bring photog- 
raphers to the Arboretum at all seasons of the year, judging from the 
entries. 


Library: 


The year 1957-58 brought to a completion the first stage in combin- 
ing the non-horticultural collections of the Arboretum with those of the 
Gray Herbarium and several other selected collections. Mrs. Schwarten 
and her staff have successfully united, recatalogued and reconditioned these 
books in the Harvard University Herbarium Building. This action was 
voted by the Harvard Corporation on January 19, 1953, and progress 
toward this end has been indicated in previous annual reports. The physical 
properties of air conditioning, providing controlled humidity and tempera- 
ture in a dust-free atmosphere, ensure a longer life for these books. The 
new arrangement has already demonstrated that increased efficiency is pos- 
sible in the use, as well as in the care of these volumes. Only the pamphlet 
collection remains in need of reorganization. 

In the course of this project, a relatively small number of duplicate 
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books were found and set apart as reserves; these are shelved in a separate 
section of the library. These include volumes which are not presently 
needed and those held as replacements for volumes which receive much 
use. Duplicates of monographic treatises and special family studies have 
been placed on special shelves in the herbarium adjacent to the herbarium 
specimens of the families concerned. The unification program also allows 
cat office use or long-term use of these duplicate volumes by staff mem- 
ers. 

In the course of the unification work in the library, the director and 
the librarian of the Museum of Comparative Zoology made available for 
our use a large room for work and storage. We are particularly indebted 
to them for this kindness. 

The bound volumes added to the library during the year numbered 465. 
These included 212 volumes transferred to our library from the libraries at 
Widener, the Biological Laboratories and the special paleobotanical library. 
Also included are 145 volumes dealing with horticulture which were added 
to the library in Jamaica Plain. The total number of bound volumes ac- 
cessioned now is 50,204. Pamphlets totalling 305 were added to the collec- 
tion which numbers 16,573. 

The horticultural library in the Administration Building in Jamaica 
Plain was also reclassified and portions of it rearranged for more convenient 
use by the staff. Additional library shelving was erected on the second 
floor to house special collections. As previously indicated, 145 bound vol- 
umes were added to this collection. The renumbering of all volumes in the 
horticultural library has been initiated. 

A set of the Gray Herbarium Index to American Plants is maintained at 
Jamaica Plain and 3,000 cards in four issues were received and are being 
added to this collection. 

Again this year the number of requests for books on interlibrary loan 
remains inconveniently high. Much as we wish to aid other workers, it is 
impossible to honor all requests for books to be sent on loan to other institu- 
tions. Where possible, requests for descriptions or passages are met by 
sending typed, photocopied or microfilmed copies of the pages needed and 
many other requests are referred to libraries within the home state of the 
individual requesting the loan. In addition, no book over one hundred years 
of age is ever sent from our library on interlibrary loan. Nevertheless, 217 
volumes were sent out. The postage on such loans is usually paid by the 
borrowing library, but the general wear and often the real damage to the 
books is an expense we must bear. In contrast to the herbarium, where 
loans sent to staff members in other institutions may be somewhat offset 
by those received for the use of our own staff members, the interlibrary 
loan requests made by Arboretum staff members rarely exceed a dozen in 
the course of a year. 

I wish to express my appreciation to Mrs. Schwarten and her staff for 
the concentrated effort they have made and the results they have obtained 
in bringing the library to its present excellent condition. 
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Herbarium: 


It is now possible to report significant progress in the unification of the 
non-horticultural herbarium of the Arboretum with that of the Gray Her- 
barium. This work should be completed within the ensuing year. The ad- 
ditional funds made available for this task by the Harvard Corporation 
have enabled us to employ additional botanists who, with the herbarium 
staff, have made excellent progress. The details of this work have been 
discussed in previous reports. During 1955-56, the first year of this work, 
103 families were integrated. In 1956-57, an additional 66 families were 
completed. During the last fiscal year 94 families were organized, leaving 
only 43 from a total of 306 families represented in our herbarium to be in- 
tegrated. However, these 43 families include such large woody groups as 
the Rosaceae and the Leguminosae, as well as primarily herbaceous fam- 
ilies such as the Gramineae, Cyperaceae, Compositae, Liliaceae and Ran- 
unculaceae. The progress that has been made is satisfactory and the results 
encourage an even greater effort. The ease in using the reorganized and 
combined collections has demonstrated that the integration is well worth 
the time and effort expended. 

As the work proceeds, excessive duplication in some areas within the 
collections has become evident. For example, in an experimental project 
it was found possible to remove 1058 sheets (either Arnold or Gray) from 
the Pinaceae and 23 sheets from the genus Asimina. Such sheets are either 
exact duplicates or sterile specimens represented by better material from 
the same geographical location. The unification procedure also has re- 
vealed a large number of herbarium sheets needing repairs. During the 
course of the year our mounter repaired 2302 sheets in addition to mounting 
for insertion 5535 sheets. The total number of specimens in the Arboretum 
herbarium as of July 1, 1958, therefore, is 699,452. 

During the year 11,516 specimens were received by the herbarium. We 
received by exchange 6970, by subsidy 2708, by gift 1055, by special ex- 
change 682 and for identification 101 specimens. The collection obtained 
by subsidy represented a set of plants obtained by Mr. Leonard Brass dur- 
ing the Fifth Archbold Expedition to New Guinea and adjacent islands. 
While the Arnold Arboretum had subsidized and handled all the botanical 
collections of the earlier expeditions, it was not able to do so in this case. 
A special collection of plants from Hong Kong and the vicinity was ob- 
tained in exchange for publications. In total, we received 993 specimens 
from the Western Hemisphere and 10,523 from institutions in or working 
on the floras of the Old World. These figures reflect the Arboretum’s his- 
torical interest in the flora of Asia. 

As a service to our colleagues, specimens from the herbarium of the 
Arnold Arboretum are sent on loan to recognized institutions. In turn, our 
staff borrows specimens from other herbaria to assist in their studies. The 
shipment of specimens on loan is necessarily an involved bookkeeping pro- 
cedure. If the request is specific it may be necessary to send only a single 
specimen. Often, however, the request will be for a group of species, a 
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genus, specimens from a certain geographic area, or representatives of sev- 
eral families. Each loan request must therefore be handled individually 
and may involve a few minutes or a full week of work. When the specimens 
have been withdrawn from the herbarium, a record of the loan is made in 
the herbarium and in special files. Thus we know at all times the location 
of our herbarium material. The specimens, carefully packed to prevent 
breakage, are shipped by express collect within the United States, but 
must be prepaid and insured when shipped outside of the United States. 
Notice of the loan and the total count is sent in a separate letter with a 
return slip to indicate the safe arrival of the loan. When the borrower has 
finished his studies the specimens should be packed with equal care and 
returned promptly. All specimens returned are immediately fumigated, 
counted and checked against the original record to insure the receipt of 
the material originally sent. The herbarium sheets are then examined 
to determine the conclusions of the study and, if the sheets are properly 
annotated, they are filed according to the classification suggested. Speci- 
mens of cultivated plants from the horticultural herbarium in Jamaica 
Plain are added to the loans of spontaneous plants or sent separately for 
special study as required. Thus a great deal of time is consumed in the 
preparation and return of a simple loan request. 

During the past year the staff sent from the combined herbaria 95 loans 
averaging 141 sheets and totalling 13,411 sheets. Sixty of these loans went 
to institutions within the United States and 36 to institutions outside of 
the country. In contrast, during the same period our thirteen staff members 
and students made 71 requests for loans from 44 American and 27 foreign 
herbaria, for a total of 8,614 specimens borrowed. 

Routine work continues on the herbarium of cultivated plants in Jamaica 
Plain. A start has been made on the project of locating the type specimens 
of horticultural taxa described by Professors Alfred Rehder and Charles 
Sargent. During the year there was an increase in the requests for repre- 
sentative specimens, kodachromes or black-and-white pictures of culti- 
vated plants. 

In preparation for his ‘Manual of Cultivated Trees and Shrubs” and 
the “Bibliography of Cultivated Trees and Shrubs,” Professor Rehder 
maintained a card file of references to original publications and to illustra- 
tions of cultivated plants. After Rehder’s death the administrative deci- 
sion was made to curtail that work. This decision was unfortunate, since 
the reference file soon became of limited value. With the recent adoption 
of an international code of nomenclature for cultivated plants, the 
need for an up-to-date index of published cultivar names, together with 
references to illustrations, became imperative. Therefore, during the past 
year Miss Ethel Upham, formerly of the Arboretum staff, began the work 
of bringing up to date the ““Rehder Index.” Over six hundred cards have 
been added to the file in the past year and it is expected that in two years 
the index will be current. 

The staff members continued to spend a small part of their time on 
individual research projects. Unfortunately, this time has been limited in 
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the past three years and will continue to be for the ensuing year or until 
the herbarium integration is complete. 

Dr. Howard continued his several projects supported by special research 
grants. Progress was made in the survey of the anatomical structure of 
the petioles of flowering plants and a report on this work was given at 
the International Horticultural Congress. His work on the West Indian 
vegetation was restricted to the vegetation in relation to bauxite subsoils, 
and the flora of the Lesser Antilles. A monographic study of the genus 
Coccoloba continues with final treatments prepared for the Lesser Antilles 
and Trinidad and the record of the genus in cultivation. 

Dr. Perry returned from her trip to Europe, having profitably studied 
the New Guinea collections at herbaria in Great Britain, the Netherlands 
and Switzerland. In addition to herbarium work, Miss Perry continues her 
study of the materials from the 4th Archbold Expedition collected by 
Leonard Brass in New Guinea. 

Dr. Hu had previously been working on a Flora of China supported by 
grants for that specific purpose. When the financial support was exhausted, 
Dr. Hu devoted her attention to regular Arboretum projects and has under- 
taken to identify the large accumulation of Chinese plants acquired by 
Dr. Merrill shortly after the end of the war. As sizable numbers of dupli- 
cates of these collections occupy our storage areas, the identification of 
the main set will enable the staff to distribute these collections within the 
next few years. Studies of the Compositae in China and miscellaneous 
monographic studies for the Flora of China have been completed and await 
publication. 

Dr. Jarrett continued her work on the Moraceae and prepared several 
papers on Artocarpus for publication. Miss Jarrett has also developed an 
interest in the flora of the Philippines and is continuing that work which 
has been a tradition at the Arboretum. 

Dr. Johnston reports that his work concerns the Boraginaceae of Texas 
and that work is in progress on the Chenopodiaceae and on the gypsum and 
serpentine floras. 

Dr. Kobuski’s heavy curatorial responsibilities which include supervision 
of the herbarium integration, have left him little time for his own re- 
search. The Theaceae continue to be his interest with special studies in 
progress on the genus Ternstroemia. 

Dr. Wood assumed the responsibilities of editor of the Journal of the 
Arnold Arboretum with the January number of the current volume. He 
continued during the year his studies on the genera of seed plants of the 
southeastern United States; the genera comprising the woody families of 
the Ranales as they occur in that area were prepared for publication. 

Mrs. Weber and Dr. Wilson, both of whom are on special projects, de- 
vote their full time to these. As a hobby of botanical interest, Mrs. 
Weber has prepared for publication a check list of the plants and plant 
families represented in philately. Dr. Wilson has readied several of his 
studies on ferns for publication and devotes his current research to further 
studies on this group of plants. 
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Comparative Morphology: 


The assistance of I. W. Bailey, Professor of Plant Anatomy, emeritus, 
as curator of the wood and pollen slide collections is greatly appreciated 
by the staff. A number of wood samples and slides were added to the collec- 
tions during the year. Requests for wood samples for study were mainly 
from scientists wishing to add such data to their taxonomic monographs. 
Fourteen such requests were filled from the wood collection and the 
herbarium. 

During the year Professor Bailey received a grant from the American 
Philosophical Society in support of his research. His interest in the use of 
pollen in morphological studies centers now on the variations between 
fresh and processed pollen grains from herbarium material or fossil de- 
posits. Professor Bailey’s study of the anatomical structure of the stem in 
the Cactaceae continues to develop and he is accumulating samples for 
further work. 


Cytogenetics: 

Dr. Karl Sax, his assistant and students have reported the following 
contributions in the field of cytogenetics: 

The mature trees of Malus sikkimensis, M. toringoides and an M. sar- 
gentu hybrid (AA 33340) usually breed true from seed when open pol- 
linated, but occasionally they produce some segregates which differ from 
the typical in having larger flowers and fruits. Cytological studies show 
that the present trees are triploids. 

The maternal-type progeny are also triploids, but the large-fruited types 
are tetraploids. Apparently the triploid parents are facultative apomicts 
which usually produce triploid progeny, but occasionally produce sexual 
segregates arising from a triploid egg cell and a haploid pollen grain from 
a nearby diploid species. Such progeny would resemble the maternal parent 
because of the excess maternal chromosomes. 

Both Malus sargentii and M. sargenti rosea are facultative apomicts. 
Pollinated with pollen from a diploid Malus species, the progeny of the 
triploid M. sargentii rosea range from nearly diploid to approximately 
tetraploid, while the sexual progeny of the tetraploid M. sargenti are 
triploids. 

Apparently the triploid parent produces egg cells ranging from haploid 
to triploid, although the apomictic progeny are triploids. 

An issue of Arnoldia was published during the year reporting on the 
juvenile characters of trees and shrubs. Cuttings from suckers from the 
base of a seedling apple tree were found to root much more readily than 
cuttings from the fruiting branches of the same tree. The basal suckers 
are also juvenile in their leaf characters. 


Instruction: 
Although no formal courses were offered by staff members during the 
past year, both Dr. Howard and Dr. Sax continued to work with graduate 
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students on special problems. Mr. Claud Brown completed his work with 
Dr. Sax on pine hybrids and, after receiving his Ph.D. degree, accepted a 
position in forest genetics at Texas A. & M. College. 

A series of luncheon seminars was conducted throughout the year in 
the lecture room at the Harvard University Herbarium Building. These 
seminars, in which the herbarium staff take part, provide an opportunity 
for the staff and graduate students to meet informally to hear papers by 
representatives of each group. The seminars also provide a means for visit- 
ing scientists to meet and talk with the staff without the usual disruption 
of work schedules. 


Travel and Exploration: 


Travel by staff members during the past year was divided between 
attendance at professional meetings, the presentation of invitational 
lectures and specialized field work connected with research programs. 

The annual meeting of the American Institute of Biological Sciences is 
held each fall at a college campus in the United States. As such meetings 
offer the opportunity of observing other biology departments, gardens and 
herbaria, as well as of meeting with professional colleagues, staff members 
are encouraged to attend when possible. The 1957 meetings were held on 
the campus of Stanford University at Palo Alto, California, and Drs. 
Howard, Kobuski and Sax made the special trip. The California flora, 
both native and introduced, is strikingly different from that seen in New 
England and scheduled field trips for interested registrants afforded the 
opportunity of seeing the coastal range vegetation as well as a bit of the 
redwood forests. Special trips were made by Drs. Howard and Kobuski 
to the California Academy of Sciences to confer with colleagues there and 
to the Strybing Arboretum in Golden Gate Park. Mr. Coggeshall attended 
the Plant Propagators Annual Meeting at Cleveland and Dr. Sax attended 
the American Society for Horticultural Science rootstock conference at 
Geneva, New York. 

Every three years an International Horticultural Congress is held which 
is attended by persons interested in horticulture from all over the world. 
The Fifteenth International Horticultural Congress was held in Nice, 
France, April 11-18, 1958. Dr. Howard represented the Arnold Arbore- 
tum at these meetings, presenting one paper and reading another for Dr. 
Kobuski. Prior to the meetings Dr. Howard visited botanic gardens in 
Denmark and Switzerland. During the Congress field trips were conducted 
to allow the registrants an opportunity of seeing the natural vegetation of 
the area and the commercial and private aspects of horticulture. 

Following the meetings, Dr. Howard visited Paris for some work at the 
Muséum National d’Histoire Naturelle and also visited many of the fa- 
mous parks and gardens of Paris. In and around London a schedule 
arranged by Dr. George Taylor allowed Dr. Howard to see several famous 
arboreta such as Westonbirt and many gardens, both public and private. 

Dr. Hu attended the 9th Pacific Science Congress held in Bangkok, 
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Above: A group of the participants at a plenary session of the XVI Interna- 
tional Horticultural Congress held in Nice, France. 


Below: Members of the Congress during a visit to the Exotic Gardens at 
Monaco. 
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Thailand, and presented four papers at these meetings. Arranging her trip 
eastward and circling the globe, she was able to visit botanic gardens and 
herbaria in England, France, Italy, Switzerland, India, and several coun- 
tries of Asia. Following the congress Dr. Hu visited Hong Kong and 
Macao for field work and study furthering her work on the flora of China. 
An exchange of specimens was also arranged by Dr. Hu between the 
Arnold Arboretum and both the Gardens Department, Hong Kong, and 
the Department of Botany, National Taiwan University. 

Field work associated with individual research projects was carried on 
by several staff members. Drs. Wood and Wilson collected materials for 
their work on the flora of the southeastern states in Florida, where they 
were the guests of Mr. and Mrs. George R. Cooley. 

Dr. Johnston spent the summer months doing field work in Texas. 

Dr. Howard made another trip to Jamaica to continue his study of the 
vegetation on bauxite soils when several additional areas in St. Elizabeth 
Parish became available. The results of earlier studies showing the nature 
of plantings desirable for the rehabilitation of mined-out bauxite pits is 
now becoming evident as the mining scars are gradually being covered 
with forage grasses, crop plants and forest trees. A survey trip was also 
made to Hawaii to examine areas being considered for mining operations 
there. Following this trip Dr. Howard accepted an invitation to serve as 
advisor to the Commissioner of Public Lands for the Territory of Hawaii. 
He is to give special consideration to the problems of vegetation loss in 
strip-mining operations and to advise regarding rehabilitation procedures 
if mining is conducted in the Territory. 


Gifts and Grants: 


The response of the Friends of the Arnold Arboretum to the annual ap- 
peal made during the spring was most generous. Most gifts received 
were unrestricted and were assigned to the “gifts for cultural purposes” 
fund which is used to employ additional summer laborx on the grounds where 
needed. This fund also supports a research assistant for Dr. Sax and an 
assistant in the greenhouses to help on plant propagation. 

A special grant was awarded to Dr. Sax from the Massachusetts Society 
for Promoting Agriculture for work on rootstocks and for methods for 
promoting the growth and fruiting of fruit trees in New England. This 
project is being carried on in conjunction with the Bussey Institution. 

Dr. Howard received a three-year grant from the National Science Foun- 
dation to continue work leading to a flora of the Lesser Antilles. Mr. 
George Proctor of the Institute of Jamaica, Kingston, Jamaica is co-worker 
on this project and will do the field work. During the last year Mr. Proctor 
visted Grenada and St. Lucia for major field work and spent a few days 
on other islands. Mrs. Dudley Hall assists Dr. Howard in the herbarium 
work of this project and is also supported by this grant. 

A number of outstanding plant species were given to the Arboretum, 
either as living plants or as propagating material. The plants received 
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from Mrs. J. Norman Henry, and Mr. Orlando Pride were particularly note- 
worthy. Mr. A. G. Rotch presented to the Arboretum a portrait of the 
Arnold family painted by an unknown artist. He accompanied this with a 
genealogical summary which is a valuable addition to our historical records. 
The portrait, of considerable value beyond its special interest to us, is at 
present under the care of the staff of the Fogg Art Museum. 


Publications: 


Dr. Wyman edited the twelve numbers of Arnoldia, a bulletin of popu- 
lar information which appeared during the year and Dr. Kobuski edited 
the Journal of the Arnold Arboretum, the quarterly issues of which serve 
the staff as an organ for the publication of scientific articles. Staff mem- 
bers have priority in placing manuscripts in the Journal and contributions 
from other individuals are by invitation or are papers based largely on the 
plant materials in the living collections or the herbarium and wood collec- 
tions of the Arboretum. The Journal serves also as a medium of exchange 
for similar publications from other scientific institutions. The standards 
of the Journal have always been high and the excellence of the editorial 
work, together with the quality of the printing, has earned for it a good 
reputation in the field of scientific publications. For the last nine years 
the editor of this publication has been Dr. C. E. Kobuski, who has long 
been on the editorial board associated with the Journal. In fact, excepting 
only his leave of absence from the staff for war service, he has served con- 
tinuously as associate editor or editor of the Journal since his appointment 
to the Arboretum staff in 1927. To him the Journal owes its direct, lucid 
style which, with characteristic regular date of issue, has become a hall- 
mark of this publication. Dr. Kobuski has now asked to be relieved of 
his editorial duties in order to devote more time to his curatorial respon- 
sibilities in the herbarium and to his own research. Thus, with this volume 
the Journal becomes the editorial responsibility of Dr. C. E. Wood, Jr. 
Special acknowledgment to Dr. Kobuski was made in the January num- 
ber of Volume 39. 

One special publication was issued during the year. This was a photo- 
reprint of ‘““The Genus Pinus” by George Russell Shaw, issued previously 
as ‘Publication of the Arnold Arboretum, No. 5,” in 1914. This publi- 
cation has been out of print for many years but sufficient back orders had 
accumulated to merit a reprinting. To date, over 150 copies of this still 
important work have been sold. 

It is with considerable pleasure that we note the presentation to Mrs. 
Susan D. McKelvey of the Sara Gildersleeve Fife Memorial Award, which 
was given in recognition of Mrs. McKelvey’s contributions to botanical 
and horticultural literature. Mrs. McKelvey’s works include “The Lilacs,” 
“Vuccas of the Southwestern United States” and the recently published 
“Botanical Exploration of the Trans-Mississippi West 1790-1850.” A 
full citation of the award was given in the Garden Journal of the New York 


Botanical Garden. 
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Bibliography of the Published Writings of the Staff and Students 
July 1, 1957 —June 30, 1958 


BarLey, Irnvinc Wiper. Additional notes on the vesselless dicotyledon, Am- 
borella trichopoda Baill. Jour. Arnold Arb. 38: 374-380. pl. 1, 2. 1957. 

. Aggregations of microfibrils and their orientations in the secondary wall 

of coniferous tracheids. Am. Jour. Bot. 44: 415-418. 1957. 

. The potentialities and limitations of wood anatomy in the study of the 

phylogeny and classification of angiosperms. Jour. Arnold Arb. 38: 243-254. 

1957. 

. Die Struktur der Tiipfelmembranen bei den Tracheiden der Koniferen. 

Holz als Roh- und Werkstoff 15: 210-213. 1957. 

. Need for a broadened outlook in cell wall terminologies. Phytomorphol- 

ogy 7: 136-138. 1958. 

. The structure of tracheids in relation to the movement of liquids, sus- 
pensions, and undissolved gases. Jn: The physiology of forest trees. p. 71- 
82. 1958. 

CoGcESHALL, Rocer Grpps. Asiatic maples, their propagation from softwood 
cuttings. Arnoldia 17: 45-56. pl. 11, 12. 1957. 

. The propagation of some little-used shade and street trees. Proc. 33rd 
Nat. Shade Tree Conf. 37-43. 1957. 

Howarp, RicHArp ALDEN. The Director’s Report. The Arnold Arboretum dur- 
ing the fiscal year ended June 30, 1957. Jour. Arnold Arb. 38: 389-403. 
1957. 

. Studies in the genus Coccoloba, IV. The species from Puerto Rico and 

the Virgin Islands and from the Bahama Islands. Jour. Arnold Arb. 38: 

211-242. 1957. 

. Studies in the genus Coccoloba, V. The genus in Haiti and the Domin- 

ican Republic. Jour. Arnold Arb. 39: 1-48. 1958. 

. The meadow. Arnoldia 18: 17-24. pl. 3-5. 1958. 

(with GEorcE R. Proctor). New records of Jamaican flowering plants, 
I. Jour. Arnold Arb. 39: 101-106. 1958. 

Hu, SHIvu-yine. Oriental Hollies. Nat. Hort. Mag. 36: 31-64. illus. 11-20. 1957. 

JARRETT, FRANCES M. A note on the identity of the genus Balanostreblus (Mo- 
raceae). Jour. Arnold Arb. 39: 107-110. 1958. 

JoHNsTON, Ivan M. Borraginaceae. Jn: Steyermark, Julian, et al. Contributions 
to the flora of Venezuela. Fieldiana. Bot. 28: 1080-1082. 1957. 

. Studies in the Boraginaceae, XXIX. Echiochilon and related genera. 

Jour. Arnold Arb. 38: 255-293. 1957. 

(with C. R. McCuLtoucn & J. M. Parker). Terrain study of the Pan- 
ama Canal zone with specific reference to the Fort Sherman area and 
vicinity. North Carolina State College, Department Engineering Research. 
1-267. 1956. 

KosuskI, CLARENCE E. The horticultural herbarium. Arnoldia 18: 25-28. 1958. 

Sax, Kart. The control of vegetative growth and the induction of early fruiting 
in apple trees. Proc. Am. Soc. Hort. Sci. 69: 68-74. 1957. 


. The effect of ionizing radiation on chromosomes. Quart. Rev. Biol. 32: 
15-26. 1957. 
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. Experimental control of tree growth and reproduction. Jn: The physiol- 

ogy of forest trees. p. 601-610. 1958. 

. The genetic future of man. 7m: The Population Ahead. 1958. 

. The juvenile characters of trees and shrubs. Arnoldia 18: 1-6. pl. 1. 
1958. 

SCHWARTEN, LAzELLA. Index to American Botanical Literature. Bull. Torrey 
Bot. Club 84: 324-336, 398-411, 459-471. 1957; 85: 78-88, 146-155. 1958. 

WEBER, CLAUDE. Les mauvaises herbes d’origine Européenne en Nouvelle-Angle- 
terre. Bull. Cercle Vaudois Bot. Lausanne 8: 34-39. 1957 (1958). 

. Etude phytosociologique des prairies du Canton de Genéve et de ses 

environs immédiats. Trav. Soc. Bot. Genéve 4: 20-38. 1956-57 (1958). 

. Note sur la colonisation des digues artificielles de galets en aval de 

VUsine de Verbois (Genéve). Trav. Soc. Bot. Genéve 4: 39-41. 1956-57 

(1958). 

. La végétation de la Pointe a la Bise (Genéve). Trav. Soc. Bot. Genéve 
4: 47-53. 1956-57 (1958). 

WILson, KENNETH ALLEN. Ontogeny of the sporangium of Phlebodium (Poly- 
podium) aureum. Am. Jour. Bot. 45: 483-491. 1958. 

Woop, Carro_t E., Jr. (with R. K. Goprrey). Pinguicula (Lentibulariaceae) in 
the southeastern United States. Rhodora 59: 217-230. 1957. 

Wyman, Donatp. Broad-leaved evergreens in the Arnold Arboretum. Arnoldia 
17: 61-76. pl. 15, 16. 1957. 

. Hollies for hedges, screens, and barriers. Nat. Hort. Mag. 36: 139-146. 

illus. 47-50. 1957. 

. The new horticultural color chart. Arnoldia 17: 57-60. pl. 13. 1957. 

—. Winter injury — 1957. Arnoldia 17: 37-44. pl. 10. 1957. 

A spring walk through the Arnold Arboretum. Arnoldia 18: 13-16. 

1958. 

. Two new Mahoberberis hybrids. Arnoldia 18: 9-12. pl. 2. 1958. 

. A new color chart for horticulture. Nat. Hort. Mag. 37: 47-49. 1958. 


RicHarp A. Howarp, Director 
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Staff of the Arnold Arboretum 
1957-1958 


RicHarp ALDEN Howarp, Ph.D., Arnold Professor of Botany, Professor of 
Dendrology, and Director. 


IrviNc WipMER Baixey, S.D., Professor of Plant Anatomy, Emeritus. 


JosepH Horace Fautt, Ph.D., Professor of Forest Pathology, Emeritus. 


MicHaAEL ANTHONY CANoso, M.S., Curatorial Assistant.* 

RoceR Gipps CoGGESHALL, Propagator (Resigned April 15, 1958). 
ALFRED JAMES ForpHAM, Propagator (Appointed April 15, 1958). 
HeMaANn ARTHUR Howapb, Assistant Horticulturist. 

SHiu-yine Hu, Ph.D., Botanist, Flora of China Project. 

FrANcES Mary JARRETT, Ph.D., Botanist and Assistant Editor. 
Ivan Murray Jounston, Ph.D., Associate Professor of Botany. 
CLARENCE EMMEREN KosuskI, Ph.D., Curator.* 

MArGARET CATHERINE LEFAVouR, Herbarium Secretary. 

Susan DELANO McKELVEY, A.B., Research Associate. 

Lity May Perry, Ph.D., Botanist. 

Kart SAX, S.D., Professor of Botany. 

LAZELLA SCHWARTEN, Librarian.* 

CLAUDE WEBER, Botanist, Special Project.* 

STELLA MABEL WHITEHOUSE, Business Secretary. 

KENNETH ALLEN WILSON, Ph.D., Botanist, Southeastern Flora Project.* 
ROBERT GEROW WILLIAMS, B.S., Superintendent. 

CARROLL Emory Woop, Jr., Ph.D., Associate Curator and Editor. 
DonaLp Wyman, Ph.D., Horticulturist. 


* Appointed jointly with the Gray Herbarium. 
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Adenocaulon, 357, 380, 390 
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Alfredia, 360 

Allardia, 359, 381 
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Bileveillea, 357 

Blainvillea, 358, 380 
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Bolocephalus, 361 

Boltonia, 356, 380 

Borbonia, 215 

Boscacao, 275 

Boschia, 343 

Brachanthemum, 359, 38] 

Brachyactis, 357 

Brotobroma, 227 

— aspera, 257 

Bubby blossom, 323 

Buphthalmum, 358 

Bur-oo-ma, 275 

Butneria, 323 


Cacahuillo, 275 
Cacahuio, 275 
Cacaita, 275 

Cacalia, 360, 369, 381, 390, 410 
Cacao cahouai, 275 
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— cahousi, 275 
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Cacao esquinado, 275 

— jacaré, 275 

— mani, 275 

-— montaras, 275 

— montaraz, 275 

— quadrado, 276 

— silvestre, 276 

— simarron, 276 

— symarron, 276 

Cacaoito de monte, 276 

Cacaorana, 276 

Caca-u, 276 

Cacau de quina, 276 

Cacaui, 276 

Cacau-jacaré, 276 

Cacau-rana, 276 

Cahouit, 276 

Calendula, 360 

Calimeris, 356 ° 

Callistemma, 356 

Callistephus, 356 

Calotis, 356 

Calycanthaceae, 322-323 

Calycanthus, 323-326 

Camchaya, 355, 379 

Camphora, 215, 335 

— officinarum, 215 

Cancrinia, 359 

Canella, 321-322 

Canellaceae, 320-321 

Carduus, 360, 370, 381, 390 

Carpesiuin, 357, 367, 380, 410 

Carthamus, 361, 381 

Cassytha, 329, 344-346 

Cava, 357 

Centaurea, 361, 381, 390 

Centipeda, 359, 381 

Cephalonoplos, 361, 381 

Chaenotheca neopeltandra, 208 

Chanekia, 338 

Chascotheca neopeltandra, 208 

Cha-te-ra, 276 

China, Statistics of Compositae in Rela- 
tion to the Flora of, 347, 379 

Chlamydites, 360 

Chocolatillo, 276 

Chondrilla, 362, 382 

Chrysanthemum, 358, 359, 367, 381, 390, 
410 

Cicca antillana, 208 

— — virens, 208 

— scandens, 208 

— virens, 208 

Cicerbita, 362, 382 

Cichorium, 362, 381, 390 

Cineraria, 359 

Cinnamomum, 215, 329, 334-336 
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Cinnamonum sect. Camphora, 215, 335 

— sect. Cinnamomum, 335 

— sect. Malabathrum, 335 

— camphora, 215 

— zeylanicum, 215 

Cinnamon, 335 

Cinnamon-bark, 322 

Cirsium, 361, 370, 381, 390 

Citation of Some Genera of the Lau- 
raceae, The, 213 

Clusia portlandiana, 103 

Cnicus, 361 

Coccoloba, Studies in the Genus, V. The 
Genus in Haiti and the Dominican Re- 
public, 1 

Coccoloba albicans, 6, 8-9 

— barbadensis, 42 

— barkeri, 19, 21 

— b@rgesenii, 25, 26 

—— ovato-lanceolata, 26 

— buchil, 7, 9-12 

— ceibensis, 6, 12-13 

— ciferriana, 9, 10 

— costata, 7, 13-15 

—— > C. uvifera, 15 

— cubensis, 16 

— diversifolia, 8, 16-17, 42 

— eggersiana, 13, 14 

— faweettii, 5, 17-18 

— flavescens, 5, 18-19 

— fuertesii, 5, 19-22 

— fulgens, 34, 35 

— grandifolia, 38 

— helwigii, 13, 14 

— hotteana, 5, 8, 22—23 

—— C. uvifera, 23-24 

— incrassata, 5, 24-25 

— klotzschiana, 31 

— krugii, 7, 8, 25-26 

—— > C. uvifera, 26-28 

— laurifolia, 16 

— leoganensis, 5, 28-30 

— leonardii, 6, 31 

— longifolia, 16 

— mansfeldii, 24, 25 

— microstachya, 6, 31-32 

— mornicola, 34, 35 

— nalgensis, 34, 35 

— neurophylla, 34, 35 

— nivea, 46 

— nodosa, 6, 32-34 

— obtusifolia, 31 

— pauciflora, 5, 7, 34-37 

— picardae, 5, 7, 37 

— pubescens, 6, 37-39 

— punctata, 46 

— pungens, 18, 19 
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Coccoloba revoluta, 9 

— rotundifolia, 28, 29 

— rubescens, 37 

—rupicola, 13 

— samanensis, 6, 39-40 

— samuelssonii, 13, 14 

— saxicola, 47 

— scandens, 26 

— scrobiculata, 47 

— sp., 13 

-— subcordata, 5, 40-42 

— subtruncata, 47 

— swartzii, 6, 42-43 

—— portoricensis, 42 

— taylorii, 19 

— tortuensis, 9, 10- 

— uvifera, 7, 43-44 

— — leoganensis, 28 

—— > C-. pubescens, 6, 44-46 

— venosa, 4, 46 

— verruculosa, 13, 14 

— wrightii, 6, 8, 47-48 

Coccolobis antiguensis, 38 

— costata, 13 

— pubescens, 38 

Coco del monte, 276 

Compositae in Relation to the Flora of 
China, Statistics of, 347. I. The Tribes 
of Compositae, 348; II. The Genera of 
Compositae in China, 355; III. A 
Comparison of the Compositae of 
China with Those of Neighboring 
Countries, 379; IV. A Comparison of 
the Compositae of China with Those 
of North America, 387; V. The Reflec- 
tion of Compositae on the Vegetation 
of China, 391; VI. The Reflection of 
Chinese Compositae on the Origin and 
Routes of Migration of Some Mem- 
bers of the Family, 408 

Compositae tribe Anthemideae, 351, 353, 
368, 381 

— tribe Arctotieae, 352, 353 

— tribe Astereae, 350, 353, 365, 379 

— tribe Calenduleae, 351, 353 

— tribe Cichorieae, 352; 353, 372, 381 

— tribe Cynareae, 352, 353, 368, 372, 381 

— tribe Eupatorieae, 349, 353, 365, 379 

— tribe Helenieae, 351, 353, 380 

— tribe Heliantheae, 351, 353, 380 

— tribe Inuleae, 350, 353, 365, 368, 380 

— tribe Mutisieae, 352, 353, 372, 381 

— tribe Senecioneae, 351, 353, 368, 381 

— tribe Vernonieae, 349, 353, 365, 379 

Conami ovalifolia, 95 

— portoricensis, 208 

Conyza, 357, 380 


Coreopsis, 358 

Cosmos, 358, 380 

Cotula, 359, 390 

Cousinia, 360, 381 
Cremanthodium, 360, 370, 381, 410 
Crepidiastrixeris, 363 
Crepidiastrum, 363, 382 
Crepis, 363, 374, 382, 391, 410 
Crossostephium, 359, 381 
Croton glabellus, 208 

— lucidus, 208 
Cucumber-tree, 303 
Custard-apple, 3113 
Cyathocline, 356, 379 
Cynara, 361 


Dahlia, 358 

Decaisnea fargesii, 403 

Deeringothamnus, 311 

Diasperus angustifolius, 193 

— axillaris, 159 

— botryanthus, 51 

— cauliflorus, 157 

— cladanthus, 155 

— discolor, 71 

—epiphyllanthus, 199 

—erythrinus, 125 

— grisebachianus, 61 

— latifolius, 185 

— mimosoides, 174 

— montanus, 183 

— myrtilloides, 126 

—nummularioides, 137 

— nutans, 56 

— orbicularis, 118 

— ovatus, 169 

— portoricensis, 208 

— pruinosus, 71 

— spathulifolius, 131 

— speciosus, 188 

— subcarnosus, 143 

— williamioides, 83 

Dichrocephala, 356, 379 

Dimorphocladium, 111 

—- formosum, 114 

Dipholis bullata, 103-104 

Diplopappus, 356 

Director’s Report, The. The Arnold Arbo- 
retum during the Fiscal Year Ended 
June 30, 1958, 494 

Dominican Republic, The Genus in Haiti 
and the. Studies in the Genus Cocco- 
loba, V, 1 

Doronicum, 359, 381 

Dubyaea, 363 

Duhaldea, 357 
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Echinops, 360, 370, 381, 390 
Eclipta, 358, 380, 390 
Ee-so-pe-ke, 276 
Elephantopus, 355, 379, 390 
Emilia, 359, 381 

Enhydra, 358, 380 

Epaltes, 357, 380 

Epistylium, 153 

— sect. Euepistylium, 153 

— axillare, 159 

— cauliflorum, 157 

Erechtites, 359, 390 

Erigeron, 357, 364, 380, 390 
Erythroxylon subcordatum, 40, 41 
Ethulia, 355, 379 

Eupatorium, 356, 364, 379, 390 
Euptelea pleiosperma, 398 
Evax, 357 

Exocarpus epiphyllanthus, 199 


Faberia, 363 

False Kauri, 447 
Farfugium, 360, 381 
Farnesia, 330 
Filago, 357, 380 
Filifolium, 359 
Flueggea virosa, 208 
Formania, 359 


Gaillardia, 358 

Galatella, 357, 380 

Galinsoga, 358, 380, 390 

Gamelle, 39 

Geblera, 363 

Genera of the Woody Ranales in the 
Southeastern United States, The, 296 

Genesiphylla, 179 

— speciosa, 188 

Gerbera, 361, 362, 371, 381 

Giraldia, 360 

Glabraria, 343 

Glochidion sect. Hemiphyllanthus, 163 

— botryanthum, 51 

— ovatum, 169 

Glossogyne, 358, 380 

Gnaphalium, 357, 366, 380, 390, 410 

Gorteria, 360 

Grangea, 356, 379 

Gray, Netra E. A Taxonomic Revision 
of Podocarpus, XI. The South Pacific 
Species of Section Podocarpus, Sub- 
section B, 424 

Guaiabara uvifera, 43 

— venosa, 46 

Gynura, 359, 369, 381 


Haiti and the Dominican Republic, The 


JOURNAL OF THE ARNOLD ARBORETUM 


[ VOL. XXXIX 


Genus in. Studies in the Genus Cocco- 
loba V, 1 

Handelia, 359 

Hee-ree-la-na-pee-ta-re, 276 

Helenium, 358 

Helianthus, 358 

Helichrysum, 357, 360, 380 

Heliopsis, 358 

He-me-ka-ra, 276 

Hemistepta, 361, 381 

Herrania, A Synopsis of the Genus, 217 

Herrania, 227-229 

— sect. Herrania, 229, 230 

— sect. Subcymbicalyx, 229, 230 

— albiflora, 227, 229, 230, 232-236 

—— titanica, 236 

— aspera, 257 

— atrorubens, 257 

— balaénsis, 231, 236-238 

— breviligulata, 230, 238-239 

— camargoana, 231, 239-242 

— cuatrecasana, 231, 243-244 

— dugandii, 232, 244-245 

— guianensis, 274 

— kanukuensis, 231, 245-247 

— kofanorum, 231, 247-248 

— laciniifolia, 230, 248-250 

— lemniscata, 230, 250-253 

—mariae, 232, 253-256 

— — putumayonis, 256-257 

— nitida, 229, 231, 257-261 

— — aspera, 258, 270 

— — sphenophylla, 261-262 

— nycterodendron, 232, 262-264 

— pacifica, 267 

— pulcherrima, 231, 264-267 

—— pacifica, 267 

— purpurea, 230, 267-270 

— tomentella, 228, 232, 270-272 

—umbratica, 230, 272-274 

Heteracea, 362 

Heteropappus, 356, 380 

Heteroplexis, 357 

Hexadena, 179 

— angustifolia, 193 

Hieracium, 363, 375, 382, 391 

Hojancha, 39 

Hololeion, 363, 382 

Howarp, Ricuarp A. The Director’s Re- 
port. The Arnold Arboretum during the 
Fiscal Year Ended June 30, 1958, 494 

Howarp, RicHaArp A. Studies in the 
Genus Coccoloba, V. The Genus in 
Haiti and the Dominican Republic, 1 

Howarp, RicHarp A. and GeEorcE R. 
Proctor. New Records of Jamaican 
Flowering Plants, I, 101 
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Hu, Suru-yinc. Statistics of Compositae 
in Relation to the Flora of China, 347, 
379 

Hypochoeris, 362, 382, 390 


Illiciaceae, 315-316 
Illicium, 316-318 

— sect. Badiana, 316 

— sect. Cymbostemon, 318 
— sect. Illicium, 316-317 
Inula, 357, 366, 380 

Ixeris, 363, 375, 382 


Jamaican Flowering Plants, I, New Rec- 
ords of, 101 

JarreTT, Frances M. A Note on the 
Identity of the Genus Balanostreblus 
(Moraceae), 107 

Jo-kee-kee-yo-ke, 276 

Jurinea, 361, 371, 381, 410 


Kalimeris, 356, 380 
Koelpinia, 362, 382 
Ko-kee-ot-chu, 276 
Ku-ra-ta, 276 


Lactuca, 362, 373, 382, 391, 410 

Lagenophora, 356, 379 

Laggera, 357, 380 

Lagoseris, 362 

Lancewood, 337 

Lapsana, 362, 382, 390 

Launaea, 362, 382 

Lauraceae, The Citation of Some Genera 
of the, 213 

Lauraceae, 326-329 

— subfam. Cassythoideae, 329 

— subfam. Lauroideae, 329 

— tribe Perseeae, 329 

— tribe Litseeae, 329 

Laurus benzoin, 214 

— camphora, 215 

—cinnamomum, 215 

— persea, 215 

— sassafras, 215 

Leibnitzia, 362 

Leontodon, 362 

Leontopodium, 357, 366, 380, 396, 410 

Leucomeris, 361, 381 

Leuzea, 361 

Leveillea, 357 

Licaria, 329, 338-339 

Lightia, 227 

—lemniscata, 250 

Ligularia, 359, 360, 369, 381, 410 

Lindera, 215, 329, 342-343 

— benzoin, 214 
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Lindera umbellata, 215 
Liriodendron, 302, 306-309 
Litsea, 329, 343-344 
Lomanthes, 179 

— latifolia, 185 

Love-vine, 345 


Magnolia, 302-306 

— sect. Magnolia, 303 

— sect. Magnoliastrum, 303 
— sect. Rytidospermum, 303 
— sect. Theorhodon, 303 

—- sect. Tulipastrum, 304 

— subg. Magnolia, 303 

— subg. Pleurochasma, 304 
Magnoliaceae, 299-302 
Maipoilie doron doron, 276 
Maivisse, 16 

Malapoenna, 343 
Ma-mi-ree, 276 
Margaritaria bahamensis, 208 
—— hotteana, 208 

— nobilis, 208 

— scandens, 208 

— tetracocca, 208 

Maripoele kakaoeleo, 276 
Martinia, 356 

Matayaka, 276 

Matricaria, 359, 381, 390 
Mazzettia, 361 

Microglossa, 357, 380 
Mikania, 356, 379, 390 
Misanteca, 338 

Mi-to-ro-re, 276 
Monographic Study of the West Indian 
Species of Phyllanthus, A, 49, 111 
Mulgedium, 362 
Mu-se-ge-ke, 276 

Mu-se-na, 276 

Mycelis, 362 

Myriactis, 356, 379 

Myrica esquirolii, 460 

— jamaicensis, 104 
Myriogyne, 359 

Myripnois, 361 


Nageia drouyniana, 444 

— elata, 437 

— spinulosa, 443 

Nannoglottis, 359 

Nardosmia, 359, 381 

Nectandra, 329, 336-338 

New Guinea, A New Species of Phaleria 
(Thymelaeaceae) from, 420 

New Records of Jamaican Flowering 

Plants, I, 101 
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New Species of Phaleria (Thymelaeaceae) 
from New Guinea, A, 420 

Note on the Identity of the Genus Bala- 
nostreblus (Moraceae), A, 107 

Nouelia, 361 


Olgaea, 360 

Omphalea axillaris, 153, 159 

— cauliflora, 157 

— epistylium, 159 

Onopordon, 360 

Ontogeny of the Sporangia in Xiphopteris 
serrulata and Pyrrosia nuda, 478 

Orbicularia, 111 

— foveolata, 125, 126 

— orbicularis, 118 

— phyllanthoides, 111, 118 

— scopulorum, 135 

O-so-pee-ko, 276 

Ostryopsis davidiana, 398 

O-yaw-pee-ka-ye, 276 


Palo de chimbe, 276 

Palo de murciélago, 276 
Pan y cacao, 276 
Papelite, 10 

Parasenecio, 360 
Parthenium, 358, 380, 390 


Pawpaw, 311 

Perry, Liry M. A New Species of Pha- 
leria (Thymelaeaceae) from New 
Guinea, 420 


Persea, 2:15, 329, 330-334 

— americana, 215 

— gratissima, 215 

Pertya, 361, 371, 381 

Petasites, 359, 381, 390 

Phagnalon, 357, 380 

Phaleria (Thymelaeaceae) from New 
Guinea, A New Species of, 420 

Phaleria elegans, 422 

Phialanthus myrtilloides, 104-105 

Phyllanthus, A Monographic Study of 
the West Indian Species of, 49, 111 

Phyllanthus sect. Anisonema, 207 

— sect. Apolepis, 207 

— sect. Aporosella, 206 

— sect. Asterandra, 68, 146 

— sect. Catastylium, 153 

— sect. Cyclanthera, 206 

— sect. Dimorphocladium, 111 

— sect. Elutanthos, 50, 206 

— sect. Emblica, 206, 207 

— sect. Epistylium, 68, 153-154, 206 

— sect. Eriococcus, 207 

— sect. Floribundi, 206 

— sect. Glyptothamnus, 68, 160-161 
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Phyllanthus sect. Hemiphyllanthus, 69, 
163-164, 207 

—sect. Loxopodium, 206 

— sect. Nothoclema, 207 

— sect. Omphacodes, 68, 142-143, 207 

— sect. Orbicularia, 68, 111-113 

— sect. Phyllanthus, 206 

— sect. Thamnocharis, 69, 91 

— sect. Typophyllanthus, 179 

— sect. Williamia, 68, 69-70, 71 

— sect. Williamiandra, 82 

— sect. Xylophylla, 69, 179-182, 207 

— subg. Botryanthus, 49-50 

— subg. Cicca, 206, 207 

— subg. Phyllanthus, 207 

— subg. Xylophylla, 66-68, 207 

— subsect. Discolores, 70, 71 

— subsect. Genesiphylla, 179 

— subsect. Incrustati, 70, 82-83 

— subsect. Mirifici, 71, 89 

— subsect. Pentaphylli, 206 

— acacivides, 165, 177-179 

—americana .. . proferens, 198 

— anderssonii, 51, 53-55 

— angustifolius, 182, 193-195 

— — genuinus, 193 

— antillanus, 208 

—apiculatus, 133, 134 

— arbuscula, 182, 188-192 

— axillaris, 153, 154, 159-160 

— bahamensis, 208 

— baracoensis, 134 

— barbadensis, 53, 55 

— botryanthus, 51-53 

— breviramis, 139, 140 

— brittonii, 95 

— cardiophyllus, 125 

— cauliflorus, 154, 155, 157-159 

— chamaecristoides, 113, 132-133 

— — baracoensis, 133, 134-135 

— — chamaecristoides, 133-134 

— chryseus, 68, 161-163 

— cinctus, 91, 93, 95-97 

— cladanthus, 154, 155-156 

— coelophyllus, 134, 135 

— cognatus, 193, 194 

— comosus, 113, 116-118 

— comptus, 93-95 

— cornifolius, 151 

— coxianus, 189, 190 

— cristalensis, 70, 82 

— cuneifolius, 208 

— decander, 71, 73 

— dimorphus, 206 

— dingleri, 189 

— discolor, 69, 70, 71-79 

—— pallidus, 75 
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Phyllanthus discolor & comptus, 75 


— ekmanii, 93, 97-100 


— epiphyllanthus, 180, 182, 197-198, 199 


— — dilatatus, 203-205 

— — domingensis, 202-203 
——epiphyllanthus, 198-202 
—— genuinus, 199, 202, 203 
— epistylium, 159 

— erythrinus, 125 

— estrellensis, 139, 140 

— euwensii, 51, 52 

— excisus, 71, 85-87 

— falcatus, 199 


—foliis . . . floriferis, 199 
— foliis latioribus, 185 
—foliis . . . longioribus, 193 


— formosus, 113, 114-116 

— foveolatus, 125 

— glabellus, 208 

— glaucescens, 50 

— grandifolius, 50, 146, 169 

— — cornifolius, 151 

— — genuinus, 148, 151 

— — salzmanni, 151 

— grisebachianus, 61 

— hotteanus, 208 

— inaequaliflorus, 189, 190, 191 
— incrustatus, 71, 87-88 

— isolepis, 185, 188 

— juglandifolius, 146-148 
— — cornifolius, 146, 148, 151-153 
— — juglandifolius, 148-151 

— latifolius, 182, 185-188 

— laurifolius, 208 

— leonis, 143 

— linearis, 188, 195 

—— cognatus, 193 

— — genuinus, 188 

— maleolens, 164, 165-167 

— megapodus, 165, 171-174 

— melanodiscus, 125 

— microdictyus, 70, 80-81 

— mimosoides, 165, 174-177 

— -—  macrophyllus, 171 

— mirificus, 71, 89-91 

— montanus, 182, 183-185 
—myriophyllus, 164, 168-169 
— myrtilloides, 113, 123-124, 126 
— — alainii, 124, 129-130 

— —erythrinus, 124, 125-126 
——  myrtilloides, 124, 126-127 
— — shaferi, 124, 130-131 

— — spathulifolius, 125, 131-132 
— neopeltandrus, 208 

— nobilis, 208 

— norlindii, 140 

— nummularioides, 113, 137-139 
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Phyllanthus nutans, 51, 56-57 
— — grisebachianus, 61-62 
—— nutans, 57-61 

—— purdiaeana, 57, 58 

— —trojanus, 57, 58 
—orbicularis, 111, 113, 118-122 
— — ellipticus, 118 

— — genuinus, 118 

— — obovatus, 118 

— ovatus, 163, 164, 169-171 
— pachystylus, 51, 62-65 

— & pallidus, 75 

-— phlebocarpus, 114, 139-142 
— portoricensis, 208 

— proctoris, 182, 195-197 

— pruinosus, 71, 73 

— pubigerus, 208 

— purpureus, 125 

— quinquefidus, 148 

— rotundifolius, 118, 119 

— sagraeanus, 75 

— scandens, 208 

— scopulorum, 113, 135-137 
— shateri, 130 

— spathulifolius, 131 

— speciosus, 188, 191 

— subcarnosus, 142, 143-146 
— swartzii, 189, 190 

— tremulus, 208 

— urbanianus, 51, 65-66 

— virens, 208 

— williamioides, 70, 83-85 
— xylophylla, 179 

Picris, 362, 382, 391 
Pityothamnus, 311 

Pluchea, 357, 380 
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Podocarpus, A Taxonomic Revision of, XI. 
The South Pacific Species of Section 


Podocarpus, Subsection B, 424 
Podocarpus acicularis, 437 
— affinis, 428, 445-446 
— annamiensis, 428, 451-452 
— archboldii, 428, 452-453 
— — crassiramosus, 428, 453-454 
— bidwillii, 443 
— bracteata, 461 
— brassii, 427, 440 
— brevifolius, 427, 441-442 
— brownii, 444 
— celebica, 459 
— chinensis, 472, 475 
— costalis, 428, 456-457, 459 
— deflexus, 428, 450-451 
—— discolor, 461 
— dispermus, 428, 448-449 
— drouynianus, 427, 444-445 
— elatus, 426, 427, 436-439 
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Podocarpus ensifolia, 431, 437 

— excelsa, 443 

— falcata, 437 

— forrestii, 429, 458-459 

— gibbsii, 426, 427, 429-431 

—glaucus, 427, 440-441 

— idenburgensis, 428, 447 

— japonica, 475 

— junghuhniana, 461 

— koordersii, 427, 433-434 

— ledermannii, 428, 447-448 

— leptostachya, 461 

— littoralis, 469 

— macrophylla acuminatissima, 461 

— macrophyllus, 429, 471-473 

— — angustifolius, 429, 473-474 

—— chingii, 429, 474 

— — maki, 426, 429, 474-476 

— makoyi, 475 

-— miquelia, 475 

—nakaii, 428, 454-455 

— neglecta, 461 

— neriifolius, 429, 460-466, 469 

— — atjehensis, 428, 466 

— — brevifolius, 441 

— — brevipes, 461 

— — degeneri, 429, 467 

—-— polyanthus, 429, 467-468 

— — ridleyi, 435 

— — teysmannii, 428, 468-469 

— novae-caledoniae, 427, 431-432 

— — colliculatus, 427, 432-433 

— philippinensis, 427, 434-435 

— pilgeri, 429, 459-460 

— polystachyus, 426, 429, 469-471 

—— rigidus, 428, 471 

— pungens, 443 

— ridleyi, 426, 427, 435-436 

— rumphii, 428, 455-456 

— salomoniensis, 428, 449-450 

— schlechteri, 459 

— sinensis, 475 

— spinulosus, 427, 443-444 

— sylvestris, 428, 446-447 

— teysmannii, 468 

— thevetiifolius, 428, 457-458 

— vrieseana, 475 

— wangii, 442 

Poilania, 357, 380 

Polygonum uvifera, 43 

Pondspice, 344 

Prenanthes, 362, 374, 382, 391 

Proctor, Grorce R. and RuicHarp A. 
Howarp. New Records of Jamaican 
Flowering Plants, I, 101 

Pseudoelephantopus, 355 

Pseudolinosyris, 356 
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Pseudosassafras, 340 

Ptarmica, 359 

Pterocaulon, 357, 380 

Pteronia, 356 

Pulicaria, 357, 380, 390 

Pyrethrum, 359, 381 

Pyrrosia nuda, Ontogeny of the Sporan- 
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